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Second

Interim Effectiveness Monitoring Report
Penn Mine Environmental Restoration

July 1999

1.0 Introduction
The first Interim Effectiveness Monitoring Report for the Penn Mine Environmental
Restoration Project, dated April 1999, presented surface water quality data and Mine Run
confirmation sampling data collected during January, February, and March 1999 at the Penn
Mine site (CH2M HILL, 1996). This second Interim Effectiveness Monitoring Report
presents groundwater quality data and Hinckley Run confirmation sampling data collected
by CH2M HILL for the East Bay Municipal Utility District (EBMUD) during April 1999.
Data were collected in accordance with Addendum 3, Monitoring and Evaluation of Stage II
Site Activities (CH2M HILL, 1999a) of the Water Quality Management Plan (WQMP) for the
project (Dames & Moore, 1998).

Water quality monitoring activities are being conducted concurrently with restoration
activities at the site. Site restoration activities conducted during Apri11999 consisted of
waste rock removal from Hinckley Run. Geologic mapping and confirmation sampling in
Hinckley Run were performed after the waste rock was removed.

This interim report also presents the technical justification for removal of Mine Run Dam as
part of the restoration construction activities to be completed this season. Specifically, the
technical basis is provided for:

• Estimating the reduction in metal loading to Camanche Reservoir as a result of the
removal of waste rock,

• Restoring Hinckley Run, after completion of the waste removal, but prior to exposure to
a year of rainfall,

• Applying alkaline soil amendments to the exposed residual soil and in situ bedrock as a
mitigation measure for residual acidity in pore water and natural acid generating
capacity,

• Estimating water quality impactsof runoff from Penn Mine to Camanche Reservoir
under normal and low~flowconditions after site restoration, and

• Estimating the average annual, low flow, and "first-flush" metal loading to Camanche
Reservoir once restoration is complete.
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Related documents include the Confirmation ofWaste Removal and Chilracterization ofBaseline
Conditions for Mine and Hinckley Runs, (CH2M HILL, 1999c and 199ge»; and the Revegetation
Plan prepared by H T Harvey & Associates (H.T. Harvey, 1999). In addition, a final
Effectiveness Monitoring Report will be prepared at the completion of restoration activities
and beginning of post-restoration monitoring.

The following sections present the results of the data collected in April 1999, the technical
justifications outlined above, and a discussion of the site water budget and mass loading
estimates. Data results are presented in Section 2. A discussion of residual acidity and acid
generating capacity of residual soil and bedrock in Hinckley Run follows in Section 3.
Revised water budgets for the pre-restoration, restoration, and post-restoration site
conditions are presented in Section 4. An evaluation of the use of soil amendments as
mitigation measures is presented in Section 5. Estimates of the mass loading for post­
restoration conditions are presented in Section 6, followed by a discussion of the estimated
pre-mining conditions in Section 7. The estimated impacts to receiving water attributable to
runoff from the restored site, and the post-restoration monitoring plan are presented in
Sections S and 9, respectively. Section 10 summarizes the key points of the report.

2.0 Summary of Data Collected
This section presents the results of groundwater quality monitoring conducted during April
1999, confinnation samples collected from Hinckley Run, and precipitation data from the
Pardee Dam weather station. No surface water samples were collected during April, 1999
due to lack of flow.

2.1 Groundwater
On April 14, 1999, CH2M HILL installed groundwater monitoring wells, CHMW-2 and -3,
as described in the Monitoring Well Installation, Decommissioning, and Sampling Program
memorandum, prepared by CH2M HILL for EBMUD (CH2M HILL, 1999d). Existing well B­
24 was renamed CHMW-1. The borehole and well installation logs are included in
Appendix A.

Groundwater samples were collected from 11 monitoring wells on April 22 and 25, 1999.
Well locations are shown on Figure 1. Samples were collected from monitoring wells W-2D,
W-2S, W-1, W-5, CHMW-2, and CHMW-3 to monitor groundwater quality within Mine and
Hinckley Runs. Samples were planned from three additional wells, EW-1, EW-2, and
CHMW-l; however, well EW-l could not be located in the field and wells EW-2 and
CHMW-1 were dry. Samples were collected from monitoring wells G5-7, G5-SA, G5-14, G5­
4A, and W-1D to evaluate water quality down-gradient of Mine Run Reservoir.

All groundwater samples were analyzed by Chromalab, Inc. for total and soluble copper,
iron, and zinc, and for a1kalinity and sulfate. Analytical results are presented in Table 1 and
laboratory reports are provided in Appendix B. Table 2 lists well diameter, well depth,
depth to water, purge volume, and water quality parameter readings for each well for the
April sampling event.

2
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2.2· Residual Soil and Bedrock
Four samples were collected of residual soil and bedrock in Hinckley Run on April 25, 1999
as part of the confirmation sampling program to document removal of waste material and
characterize baseline conditions. The samples were analyzed by Chromalab, Inc. for: total
aluminum, cadmium, copper, iron, nickel, and zinc; deionized water-extractable aluminum,
cadmium, copper, lead, nickel, and zinc; moisture content; pH; sulfur; potential acidity; and
neutralization potential. The data were used in the analysis of mass loading presented in
Section 6. Tables 3 and 4 present the results of laboratory analyses of the four samples.
Laboratory reports are provided in Appendix B.

Sample locations and descriptions are presented in the memorandum Confirmation ofWaste
Removal and Characterization of Baseline Conditions -Hinckley Run (CH2M HILL, 199ge). A
description of material comprising the confirmation samples is also included in Table 4.

Surficial mapping revealed that most of the waste in Hinckley Run has been removed, but
localized areas of residual mining waste, pyretic rock, and reactive rock are present
throughout Hinckley Run. A map showing surficial geology is provided in the
memorandum referenced above.

2.3 Precipitation
Precipitation data from the Department of Water Resources (DWR) station at Pardee Dam,
approximately 3 miles northeast of the Penn Mine site, from the DWR station at New Hogan
Lake, approximately 6 miles southeast of the site and from an on-site rain gauge are
included in Appendix C. Data from the Pardee Dam station are used in this report because
data from the on-site rain gauge were incomplete for the reporting period. Data from the
New Hogan Lake station are provided to allow comparison of data from rain gauges located
within the site vicinity. Cumulative rainfall at Pardee Dam in calendar year 1999 is tabulated
as a function of time in Appendix C, Table C - 1. As indicated in the tabulated data, 0.04
inches of precipitation were measured at Pardee Dam and 1.14 inches were measured at
New Hogan Lake during April. Daily rainfall amounts for April are shown for the three
stations in Appendix C, Table C - 2.

2.4 Releases from Pardee Dam
Water release data from Pardee Dam for the period of October 1, 1993 to May 6,1999 were
used in the evaluation of the post-restoration impact of water discharge from the Penn Mine
site to water quality in Camanche Reservoir during first flush, low, and annual average flow
conditions. The California Department of Water Resources (DWR), Division of Flood
Management web site was the source of the data used. The DWR data used are provided in
AppendixD.

2.5 Site Water Budget
The site water budget has been recalculated to reflect three distinct periods: pre-restoration,
during restoration, and post-restoration. The updated calculations were made to facilitate
forecasts of post-restoration water quality and mass loading in comparison with the pr~
restoration and during-restoration periods. The major components of the water budget
model are tabulated in Table 5. The water budget calculations are presented in Appendix E,
and summary tables of the calculation results are presented as Tables 6 through 8.

3



3.0 Evaluation of Baseline Conditions in Hinckley Run

Schematics of the flow components are shown on Figures 2 through 4. The water budget is
discussed in detail in Section 4.

The post-restoration water budget is subdivided into monthly intervals as shown in Table 9.
This refinement is used later in the body of this report to forecast Penn Mine site water
quality during annual average, low-flow, and first flush conditions.

3.2 Hinckley Run Pore Water Flushing Effectiveness
In the first Interim Effectiveness Monitoring Report (CH2M HILL, 1999b), a leaching
effectiveness factor of -0.19 was estimated from surface water data from Mine Run. If it is
assumed that the factor applies to fl:le overall site, an estimate can be made for how long it
might take for pore water in Hinckley Run soil to reach the copper concentration currently
observed for surface water in Mine Run.

4

C/Co = [72 mg/L/4,140 mg/L] = e-ft / T

C/Co is the fractional decrease in copper concentration (0.01739)
e is the base of the natural log
f is an empirical "leaching efficiency" factor (-0.19)
t is the pore water displacement rate (inches per year)
T is the effective pore water column height (10.853 inches)

3.1 Hinckley Run Pore Water Composition
After completion of waste excavation, four residual soil and bedrock samples were collected
and chemically analyzed to assess baseline conditions in Hinckley Run after overlying mine
waste was removed. The results of deionized water extraction testing of the samples and
other data included in Table 3 were used to estimate the concentrations of metals in and the
pH of pore water. Metal concentrations and pH estimates for each of the Hinckley Run
samples are shown in Table 10, and nominal average values for Hinckley and Mine RunS are
given in Table 11.

The average concentrations of metals and pH in Hinckley Run confirmation sample pore
water were higher (lower, in the case of pH) than were observed in Mine Run during
confirmation sampling that was performed earlier this year and reported in the first Interim
Effectiveness Monitoring Report. In particular, the average copper concentration in
Hinckley Run was nearly 60-times the concentration in Mine Run pore water, whereas the
zinc was about 14-times higher. The calculated pH in pore water in Hinckley Run
confirmation samples was 1.75, compared to 2.33 in Mine Run samples.

The differences between pore water in samples from Mine and Hinckley Runs are attributed
to several factors. Primarily, a small portion of Hinckley Run intersects a highly enriched
ore zone that does not extend into Mine Run (TRC, 1998). This zone was further mapped by
CH2M HILL after waste removal. The alteration zone is shown on the map included in the
Confinnation of Waste Removal and Characterization of Baseline Conditions -Hinckley Run
(CHZM HILL, 199ge). The samples for analysis were collected from areas most likely to be
acid-forming, based on their location and their visual appearance.
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From this calculation it is estimated that it would take over 200 years for the Hinckley Run
pore water copper concentration'to drop to the concentration in Mine Run pore water. Even
if a more optimistic estimate for the leaching efficiency factor of -0.5 were used, it would
still take nearly 90 years for copper concentrations in pore water in Hinckley Run to reach
the estimated current pore water copper concentration in Mine Run.

Metal concentrations in pore water in Hinckley Run confinnation samples are significantly
higher than had been observed in Mine Run samples. Displacing the pore water by relying
on natural precipitation or surface water application would take an impractically long time
in Hinckley Run and Mine Run. Therefore exposing the recently excavated surfaces to an
additional year of natural precipitation would not remove a significant volume of copper
and zinc from residual acidity in the pore water.

Section 5 describes the use of soil amendments as a best management practice to mitigate
the effects of residual acidity in the pore water in Mine Run and Hinckley Run.

4.0 Water Budget Evaluation
Preliminary site water budget calculations have been discussed in Addendum 3, Monitoring
and Evaluation of Stage II Site Activities, (CH2M HILL, 1999a), and in the first Interim
Effectiveness Monitoring Report (CH2M HILL, 1999b). Appendix E of the current report
describes refinements to the previous calculations to reflect not only pre-restoration
conditions, but also to include conditions during and after restoration.

In the following subsections, pre-restoration, post-waste removal/pre-restoration, and post­
restoration conditions are discussed further. The water budget is used with water quality
data to estimate the loading of copper and zinc to Camanche Reservoir from various sources
(i.e. surface water, shallow alluvial groundwater, and deeper groundwater). Water budget
components and the estimated loads are summarized on Tables 12 and 13 for the pre- and
post~ restoration conditions, respectively.

4.1 Pre-Restoration Conditions

4.1.1 Hydraulic Budget
The water budget components and flows for pre-restoration conditions are summarized on
Table 12. Prior to the removal of mining waste from Mine and Hinckley Runs, metal-bearing
water was evaporated during the dry season, and water that reached the impoundment
behind Mine Run Dam (Mine Run Dam Reservoir) was treated by the In-line Treatment
System (ILS) to neutralize acidity and precipitate metals. Only treated water which
contained low residual concentrations of metals was discharged from the site.

The water budget prior to the commencement of waste excavation can be closed with five
terms that describe the flows into and out of the site. The first and major source of water
entering the 60.4-acre Penn Mine site, prior to mine waste excavation, was direct
precipitation Ql (see Figure 2). The historic annual average precipitation rate for the area is
106.6 acre-feet per year. The second source of water entering the site is shallow
groundwater flowing through fractured bedrock and from Mine Shaft 4, Q2. The
groundwater contribution is 43.5 acre-feet per year, 32.3 acre-feet from Mine Shaft 4, and
11.2 acre-feet of non-specific flow. The volume of water discharging from Mine Shaft 4

5
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during pre-restoration was estimated at 20 to 25 gallons per minute (gpm) (Wisser, 1961). A
third potential source of water entering the site is upland watershed flow, Q6. Currently,
diversion structures carry this large flow around the site, directly into Camanche Reservoir
to minimize the transport of metals from the site, into the reservoir. Consequently, water
from the upland watershed did not affect the site during the pre-restoration period.

There are three routes through which water can leave the Penn Mine site:
evapotranspiration (Q3), flow through shallow bedrock to Camanche Reservoir (Qs), and
surface and alluvial groundwater discharge to Camanche Reservoir (Q4). The pre­
restoration water budget in Appendix E shows pond evaporation and transporation are

.estimated at 94 acre-feet per year. Losses of water through bedrock beneath Mine Run Dam
have been estimated by various investigators, with the consistent result that the flow rate,
Qs, is very low. The value of Qs used in the current work is 0.12 acre-foot per year. The
majority of the flow leaves the Penn Mine site as surface water and alluvial groundwater.
The annual average flow rate for Q4 is 56.2 acre-feet per year.

4.1.2 Metal Mass Load
Estimates of what the metal mass load from the Penn Mine site would be in the absence of
the ILS plant have been made previously, and are updated in this report to reflect the
improved water budget calculations included in Appendix E. Loading rates are summarized
on Table 12.

The average annual copper mass load that would leave the site if the ILS treatment plant
were not in operation is estimated at about 19,380 pounds per year, and the zinc mass load
is estimated at 35,930 pounds per year. Of these estimated total metal loads, the copper
entering from up-gradient shallow bedrock contributes about 3.3 pounds per year and
acidic drainage from Mine Shaft 4 adds an estimated 1,580 pounds per year. The zinc load
in up-gradient shallow bedrock brings approximately 14 pounds per year into the mine site,
and Mine Shaft 4 contributes an estimated 4,500 pounds of zinc per year.

The origin of the large metal mass load leaving the Penn Mine site prior to removing the
waste material was attributable to sulfide minerals in the mine waste. These sulfide minerals
underwent oxidation, generated acidity, and released metals into the pore water of the
waste residue. Natural precipitation and surface run-on displaced pore water and conveyed
the metal load into Camanche Reservoir. The oxidation process continued through the dry
period, in the moist, aerobic, subsurface environment, and the cycle was repeated in the
following wet season. Removal of the waste rock has removed the vast majority of the
19,380 pounds of copper and 35,930 pounds of zinc per year that drain from the site.

Although removing the mine waste has eliminated the immediate source of the massive
metal load being treated in the ILS plant, drainage from Mine Shaft 4 and residual pore
water in the alluvium and shallow fractured bedrock, which drains during and following
rainfalls remain. The effects of residual acidity in pore water have been observed during the
restoration period. The potential copper and zinc loading from the residual acidity in pore
water is discussed below.

It is important to note that pore water metal concentrations in residual soil and bedrock in
both Mine Run and Hinckley Run are significantly greater than in the pre-restoration
surface water samples from the waste ponds reported in the WQMP (Dames and Moore

6
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1998). The WQMP listed copper concentrations between 105 and 149 mg/L for Mine Run
ponds, and between 29 and 87 for Hinckley Run ponds. Zinc values were between 467 and
623 mg/L in Mine Run, and between 83 and 164 mg/L for Hinckley Run.

The difference in metal concentrations between pre-restoration surface water and post­
waste-excavation residual soil and bedrock samples is attributed primarily to the fact that
confirmation sampling was performed on newly-exposed rock surfaces which had not had
pore water displaced by many years of direct precipitation, as had the pre-restoration waste
piles.

4.2 Restoration Period

4.2.1 Hydraulic BUdget
The hydraulic conditions of the Penn Mine site during restoration (Figure 3) are similar, but
not identical, to conditions during the pre-restoration period. Major flows from the upland
watershed, Q6; continue to be diverted around Mine Run and Hinckley Run in order to
avoid releasing metal-bearing pore water that is stored in the residual soil and bedrock. The
ILS remains in service to treat site surface water and alluvial groundwater before it is
discharged to Camanche Reservoir. Direct precipitation, Ql, groundwater flow through
shallow bedrock, Q2, and discharge through shallow bedrock under Mine Run Dam, Qs,
also are unchanged.

One important factor is different: the intermediate storage ponds have been removed from
Mine Run and Hinckley Run as a result of removing mine waste from the Penn Mine site.
These ponds provided the necessary interim storage to prevent rapid drainage of direct
precipitation down the two onsite channels, and kept Mine Run Dam Reservoir from
exceeding its storage capacity. In effect, these ponds protected against the release of
untreated water into Camanche Reservoir. Elimination of the interim storage ponds has the
effect of reducing the evaporation rate, Q3, to 13.2 acre-feet per year. In addition, Q4 is
reduced because of the removal of mine waste. The removal of waste rock at the entrance to
Mine Shaft 4 resulted in a noticeable increase in flow out of the shaft. The average flow after
waste rock removal, is estimated to be 60 gpm or 96.9 acre-feet per year (EBMUD personal
communication, 1999).

4.2.2 Metal Mass Load
The metal mass loads entering the Penn Mine site from the upland watershed and from up­
gradient flow through shallow bedrock remain the same as for the pre-restoration case.
With the removal of mine waste, however, the acid formation potential and the dissolution
of metal into pore water is greatly reduced. It is difficult to quantify the difference between
mass copper and zinc levels from the waste rock and residual acidity in pore water. This is
due to several factors:

• The displacement of pore water held by surface tension is dependent on many
interrelated factors such as the length of exposure to rainfall, evaporation rates, and
amount of rainfall.

• The rate of future acid generation is a dynamic process not readily modeled.

7
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Loading will decline over time as trapped pore water is displaced. Conservative estimates,
such as presented for Mine Run in the first interim report indicate potential loadings as high
as produced by the excavated mine waste.

The primary source of metal loading on the Penn Mine site, mine waste material, has been
removed. This source was estimated at 19,380 pounds copper and 35,930 pounds zinc. A
secondary source of metal remains: copper- and zinc-containing pore water, which drains
from the residual soil and shallow fractured bedrock zone.

4.3 Post-Restoration
4.3.1 Hydraulic Budget

The hydraulic condition of the site will be significantly altered after restoration is
completed, as shown in Figure 4 and Table 13. Two of the flow components remain
unchanged from the pre-restoration period. Direct precipitation onto the site, Ql remains at
106.6 acre-feet. Similarly, the flow rate of groundwater out of the site through shallow
bedrock, Qs, continues at about 0.12 acre-foot per year.

The other four water budget components are changed. Discharge from Mine Shaft 4 once
plugged, is assumed to be reduced to about 1 percent of the current rate (about 60 ppm).
Residual flow from Mine Shaft 4 plus flow from up-gradient shallow bedrock, Q2, will
therefore decrease to about 12.2 acre-feet per year. The evapotranspiration component, Q3,

will be comprised almost entirely of transpiration with the introduction of plantings and
application of seed (evaporation will not be a significant factor in the overall site water
budget). Surface water and alluvial groundwater from the upland watershed, Q6, will no
longer be diverted. Water from upland areas flows through Mine and Hinckley Runs at a
combined annual average flow rate of 150.7 acre-feet per year. The reintroduction of water
from upland sources and alteration of the balance between evaporation and transpiration
alters the surface water and shallow alluvial groundwater discharge rate from the site, Q4.
The post-restoration annual average surface and shallow alluvial water discharge rate from
the site is estimated at 186.3 acre-feet per year.

4.3.2 Metal Mass Load

The metal mass load from upland surface water and alluvial flows and in groundwater
flOWing through shallow bedrock, now enters the site. The metal mass load contribution
from Mine Shaft 4 decreases to about one percent of its historic rate. The major change from
the pre-restoration condition is the removal of mine waste material (the primary source of
metal in run off from the site). Metal will continue to be released with pore water in the
residual soil and shallow bedrock fractures, and by oxidation of sulfide minerals in native
bedrock. The metal loads on Table 13 assume that residual soils and bedrock on site have
been amended to neutralize residual acidity and natural acid generating capacity. The
technical justification for the soil amendments used is provided in Section 5.0. The
discussion of potential metal loads is included in Section 6.0.

8
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5.0 Soil Amendments
This section discusses soil amendments and certain other mitigation measures that will be
used to control residual acidity, naturally occurring acid generation, and the subsequent
release of copper and zinc from the Penn Mine site. The overall site restoration plan will
influence both metal sources and water, which is the mobilizing medium for metal
transport.

The site restoration plan is designed to restore the site to pre-mining conditions through
implementation of Best Management Practices (BMPs) for mines containing sulfide ores and
sulfide-containing residues. For the Penn Mine site, BMPs include excavating and secure
disposal of sulfide residues, plugging Mine Shaft 4, neutralizing residual acidity in pore
water, reestablishing surface water flow from upland areas through the site, and preparing
the site for natural revegetation. More details of the basis for selection of soil amendments
as mitigation measures for residual acidity and acid generating capacity are contained in the
Design Basis Memorandum for Mitigation of Residual Acidity and Acid Generating
Capacity in Appendix F.

Site restoration design addresses the following main criteria:

• Does not include active treatments to mitigate poor quality (acidic, metal-enriched)
drainage from the site through use of passive mitigation measures.

• Minimize esthetic impacts (precipitates) to Camanche Reservoir, especially during
periods of low flow in the Mokelumne River when water from the two sources mix.

The goal oithe restoration is to incorporate BMPs that limit metal content in site drainage
while avoiding an elevated pH which could cause alkaline precipitates to form in the
interface zone between site drainage and water in Camanche Reservoir. The pH range
within which the design goal is achieved is 8.5 to 9.5, and the condition under which the
goal would be most difficult to meet is during periods of low upland surface water and
alluvial flow.

5.1 Discussion of Soil Amendments
5.1.1 Optional Amendments

A variety of soil amendments are available for controlling acidic drainage from sulfide
mineral oxidation. A commonly-used class is the limestone family, which includes
limestone (calcium carbonate), dolomite (calcium magnesium carbonate), their calcined
derivatives; and cement kiln dust. Other minerals are also available, including phosphate
rock (calcium phosphate), magnesium hydroxide or magnesium oxide (which is converted.
into magnesium hydroxide by reaction with moisture); and synthetic materials such as
dicalcium silicate. Several potential soil amendments were identified and evaluated for use
at the site. They are summarized in Table 14.

Different groups of amendments operate on different principles. For example, limestone
and dolomite dissolve in acid and release carbon dioxide into the water. Treatment with
limestone-based amendments keeps the pH of the aqueous phase below about 5.0 to 6.0,
until the carbon dioxide is released to the atmosphere, allowing metals to remain in solution
at higher-than-desired concentrations. Calcined derivatives of limestone, such as lime
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(calcium oxide and calcium hydroxide) and cement kiln dust, do not exhibit this behavior,
but could produce a drainage of high pH, potentially above 12.0.

Phosphate rock i.nhIbits the acid-formation reaction in pyrite deposits by precipitating ferric
iron (Ill), which is the agent that is directly responsible for forming acid. Ferric phosphate
can encapsulate the pyretic minerals, permanently isolating them and shutting down acid:..
formation.

Magnesium hydroxide has the attribute of elevating the pH to about 9.0, irrespective of how
much of it is applied. The limiting pH is controlled by the intrinsic solubility of magnesium
hydroxide: when the pH drops below about 9.0, more magnesium hydroxide goes into
solution, restoring it to about 9.0, whereas above 9.0, the magnesium hydroxide remains
unreactive, until (or unless) it is again exposed to acidic water.

Dicalcium silicate is an alkaline material of approximate composition Ca2Si04 that is
commercially available as a by-product of magnesium metal production by the
Magnetherm™ Process. It has an intrinsic pH of approximately 11.0, irrespective of how
much dicalcium silicate is used, a limit that is imposed by its intrinsic solubility in aqueous
media, such as pore water in residual soil or bedrock. Its neutralizing capacity is about 85 to
90 percent that of limestone on a weight-equivalent basis.

5.1.2 Soil Amendment Recommendations

Dicalcium silicate

Dicalcium silicate has several characteristics that favor its use at the Penn Mine site as an
amendment for acidic alluvial material.

First, dicalcium silicate is sufficiently alkaline to render the principle metals at the site
(copper and zinc) insoluble. At the same time, the intrinsic pH of dicalcium silicate, 11, is
low enough that secondary dissolution of zinc at high pH will not occur. Raising the pH of
the residual soil and bedrock will neutralize the pore water, immobilize the metals, and
produce only a small quantity of alkaline drainage, once the soil cover is in place.

Second, dicalcium silicate produces residual alkalinity in any runoff, which will neutralize
acidity when it is encountered. That is, surface water that infiltrates the amended residual
soils and bedrock will neutralize underlying residual acidity in pore water and the natUral
acid generating capacity. This is an important consideration in Mine Run and Hinckley Run
because some of the residual acidity resides in shallow bedrock fractures where it is less
likely to come into direct contact with insoluble alkalis that may be placed above it such as a
limestone channel lining.

Third, dicalcium silicate has weak pozzolanic properties that may reduce the mobility of
particulate matter, reduce the permeability of the residual soil and bedrock, and partially
bind the metal in a silicate matrix. .

Dicalcium silicate is usually less expensive on unit weight and weight-effectiveness bases
than cement kiln dust and other soil amendments with similar characteristics.

Alkaline drainage from dicalcium silicate is expected to flow through the fractured bedrock
structure into the drainage channels in Mine and Hinckley Runs, where it will be
neutralized by buffered water of lower pH drainage flowing in the stream channel.
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Phosphate Rock (Calcium Phosphate)

Calcium phosphate is a naturally occurring compound used in agriculture. It also has been
used to suppress acid formation by pyrite. As a suppressant for pyrite oxidation (and
therefore acid formation), its mode of operation is to form ferric phosphate by reacting with
ferric iron, the immediate oxidizing agent in acid rock formation. Iron phosphate forms a
tightly-adhering precipitate around the pyrite, isolating it to prevent further oxidation.

Crushed phosphate rock can be co-placed with dicalcium silicate to shut down the
formation of new acidity. After the dicalcium silicate and phosphate rock are mixed with
residual material, the amended material will be covered by top soil. Dissolved phosphate
will be immobilized by precipitation with ferric iron, aluminum and other metals, and by
anion exchange. Through co-placement of the phosphate rock with dicalcium silicate and
covering it with top soil, phosphate can be prevented from entering Camanche Reservoir.

Magnesium Hydroxide

Magnesium hydroxide neutralizes acidic drainage, raising the pH of the runoff up to a
maximum pH of approximately 9.0. The maximum pH is constrained by the solubility of
magnesium hydroxide. As .the pH rises above about 8.0, magnesium hydroxide dissolves
progressively more slowly, finally reaching its solubility limit, where it ceases to dissolve.
When the pH reaches 8.5 to 9.0, the solubility of copper and zinc in acidic drainage will fall
to concentrations less than 1 milligram per liter.

Magnesium hydroxide can be placed in an excavated trench beneath the stream beds in
Mine Run and Hinckley Run and then back filled to neutralize acidity in water trapped in
the shallow subsurface fracture system. During low flow conditions, acidic drainage would
work its way to the surface of the stream channel through subsurface fractures arid contact
the magnesium hydroxide prior to surfacing. The amount of magnesium hydroxide to be
placed in Mine Run would be designed in excess of the amount needed to neutralize
residual acidity for the projected period during which the shallow fracture zone is expected
to drain. The amount of magnesium hydroxide to be placed in Hinckley Run would be
about twice that placed in Mine Run, and mayor may not be sufficient to neutralize the
residual acid resident in the subsurface fracture system.

Magnesium hydroxide can also be applied to the side slopes of Mine and Hinckley Runs, to
neutralize residual acidity that remains from contact with mine waste. The magnesium
hydroxide can be applied as a dilute slurry and held in place with an organic tackifying
agent of the type used in hydroseeding.

Summary of Recommended Amendments

Application of a combination of dicalcium silicate, phosphate rock and magnesium
hydroxide is recommended for the Penn Mine Site. Dicalcium silicate has superior metal
immobilization characteristics compared to limestone and related products, when applied to
residual soil and bedrock material. It leaves a small residual neutralizing capacity in the
aqueous phase, making it effective in treating pore water in shallow fractured bedrock,
immediately beneath the residual soil. Dicalcium silicate also may bind the residual soil and
bedrock through pozzolanic reactions similar to Portland cement.
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Phosphate rock reacts with ferric iron to suppress the formation of new acidity. It also
precipitates with aluminum and other metals, thereby remaining essentially immobile when
used in small quantities in conjunction with higher application rates of another alkaline
amendment such as dicalcium silicate.

Magnesium hydroxide will raise the pH of acidic drainage in Mine Run and Hinckley Run
stream channels to a maximum of approximately 9.0. Magnesium hydroxide can be
blended with a tackifying agent and spray-applied to the steep side slopes of Mine and
Hinckley Runs to condition the slopes for subsequent seeding and to produce a runoff of pH
not over 9.0. This pH is high enough to precipitate copper and zinc, resulting in predicted
drainage concentrations below 1 milligram per liter. The soluble magnesium that results
from dissolution of magnesium hydroxide below the stream bed, and bicarbonate in runoff
from upland areas will help neutralize excess alkali draining from zones adjacent to the
stream beds that cannot be treated with dicalcium silicate.

5.2 Major Components of Water and Metal Control Strategies
In the current transition period, with mine wastes having been removed, but with
restoration not yet completed, metal (copper and zinc) is being carried to the Mine Run Dam
Reservoir for treatment in the ILS plant for discharge. The metal that reaches the ILS is
primarily, but not exclusively, in dissolved form.

In developing the site restoration program, mitigation measures were developed that
address the point-of-origin of the metal relative to the overall water budget components.
Soil amendment with an alkaline additive must work in concert with other site restoration
activities, including containment of Mine Shaft 4 drainage, neutralization of seepage, and
prevention of acid formation from pYretic deposits.

5.2.1 Site Residual Soil and Bedrock and Entrained Pore Water
The site baseline sampling program consisted of collecting residual soil and bedrock
samples for various analyses and evaluations. The sampling was conducted following
waste excavation from Mine Run and Hinckley Run.

Testing was performed to determine the acid-formation potential and total metal content of
the residual soil and bedrock, as well as the acidity and metal concentrations that are
presentin pore water. The information on the total metal concentrations and the acid­
formation potential of the exposed material, and on the metal concentrations and acidity in
pore water for Hinckley Run is contained in Tables 3, 4, 10 and 11 in this report. (The
information for Mine Run was presented in the first Interim Effectiveness Monitoring Report,
CH2M HILL, 1999b.)

Pore water can be regarded as coming from two sources: moisture trapped in fine-grain
residual soil in Mine Run and Hinckley Run; and water in the bedrock fractures
immediately below the residual soil. Water from both sources will drain toward the
centerline of the streambed channels and then into Camanche Reservoir, during periods of
precipitation and runoff.

The fractured bedrock also contains sulfide mineralization that can oxidize and introduce
fresh metal into pore water, even though the pore water may previously have been
displaced by clean precipitation or upland surface water. Oxidation of pyrite requires that
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oxygen be available: if the pyretic minerals are submerged, oxidation occurs at a negligible'
rate and metals will not be released.

Residual soil and bedrock material will be treated with an alkali, dicalcium silicate, an
industrial by-product from the manufacture of magnesium by the Magnitherm™ Process
(Northwest Alloys, Inc.). Dicalcium silicate has an acid neutralizing capacity of 85 to 90
percent of that of calcium carbonate. Unlike calcium carbonate, its pH in water does not
exceed about 11.0, but it does not produce a low-pH solution (about 5.0 to 6.0) upon reaction
with acid, which would leave copper and zinc relatively soluble in runoff from the site.

Residual soil and bedrock will also receive a small application of (insoluble) phosphate rock
to suppress acid formation in pyrite-rich zones. Phosphate is readily attenuated during
groundwater transport, combining with native iron, aluminum, and other metals and
minerals, and will not persist in water discharged form the site.

Pore water from the fractured bedrock structure will surface primarily within the graded
stream channel. This water will typically be acidic and metal-bearing until it is displaced by
clean water from natural precipitation and from up-gradient sources. Displacement will
require an extended but uncertain period of time. Acidity in the pore water that surfaces in
the stream channels (Mine Run and Hinckley Run) will be neutralized in situ by placing a
magnesium hydroxide layer beneath the channel, prior to final grading. The equilibrium
pH of magnesium hydroxide in water is 9.0, placing an upper limit on water in the main
drainage channels.

5.2.2 Mine Shaft No.4
The amount of groundwater entering the Penn Mine workings during operation is
estimated at about 20 gpm of water (Wisser, 1961). The current flow from the spring in the
vicinity of Mine Shaft 4, located in Hinckley Run, which almost certainly originates in the
mine workings, is about 60 gpm.

The spring near Mine Shaft 4 is acidic (pH 2.8 to 4.2) and contains dissolved metals,
including copper (0.06 to 36 mg/L) and zinc (41 to 62 mg/L) (Hamlin and Alpers, 1996).
The mass loads of copper and zinc from this source are 5.3 to 3,200 pounds per year, and
3,500 to 5,400 pounds per year, respectively.

These metal mass loads will be controlled by'plugging Mine Shaft 4.

5.2.3 Exposed Sulfide Minerals
Excavation of mine-related waste material has exposed bedrock deposits containing native
sulfide minerals that may be subject to oxidation, acid formation, and metal dissolution.
The sulfide deposits observed to date appear to be pyretic and contain undetermined
concentrations of copper and zinc.

Exposed knobs of pyrite or other sulfide minerals found to contribute excess metal load may
be grouted with Portland cement mix that contains insoluble phosphate. The phosphate
suppresses acid forming reactions, encapsulates the pyrite, and protects the grout layer from
acid attack. This would not be undertaken as part of the original restoration design, but
would occur as needed during post-restoration monitoring.
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The acid forming potential of mineral sulfides that are intimately associated with residual
soil and bedrock will be suppressed by applying phosphate rock and an alkaline
amendment across the site.

5.2.4 Minor Seeps and Springs
The contribution that each seep or spring makes to the overall metal load will be evaluated
on a case-by-case basis. Most of the seeps are small and localized, and water quality will be
controlled by increasing the amount of alkali amendment at the base of the seep. Periodic
replacement of the alkali may occur as part of routine maintenance.

5.2.5 Hot Spots
Localized low pH and potentially acid-forming areas have been identified during
confirmation sampling. These areas will receive an increased amount of alkali amendment,
compared to the surrounding areas.

5.2.6 Side Slopes
Steep side slopes of Mine and Hinckley Runs have been in contact with mine waste
material, and contain some residual acidity. It is not feasible to apply soil amendments
directly to the side slopes with the same methods used for the main stream channel. An
insoluble neutralizing agent will be applied with a binder or tackifier to prepare the side
slopes for subsequent hydroseeding.

5.3 Soil Amendment Performance
Following are discussions of the neutralizing capaCity of dicalcium silicate, a field quality
control plan for monitoring and adjusting the application of amendments, immobilizing
metals in the sub-grade fracture system, and the added safeguard of a limestone lined
channel prior to discharge to Camanche Reservoir. Detailed information on the location and
placement of the soil amendments is included in the rough and final grading plans and
specifications prepared for the project.

5.3.1 NeutraliZing Capacity
Dica1cium silicate has an acid neutralizing capacity about 85 to 90 percent of that found in
limestone. Consequently, it must be applied at about 1.lS-times the weight per mass of
residual soil and bedrock that would be needed for limestone. The typical application rate
for limestone or limestone equivalents is 3- to 5-times the net acid-forming potential.

It is estimated that in Mine Run, about 2.7 to 4.4 tons of limestone would be needed per
thousand tons of residual soil and bedrock. The application rate for dica1cium silicate
would be about 1.1S-times this rate, or between 3.1 and 5.1 tons per thousand tons of
residual soil and bedrock.

Hinckley Run residual soil and bedrock has a net acid-forming potential significantly
greater than was found in Mine Run. Using the limestone application rates mentioned
above, Hinckley Run would receive between 25 and 41 tons of calcium carbonate per
thousand tons of residual soil and bedrock. The application rate for dicalcium silicate
would be about 29 to 47 tons per thousand tons of residual soil and bedrock.
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Phosphate rock will be co-applied at a small fraction of the application rate of dicalcium
silicate. The application rate will be approximately 5 tons per thousand tons of soil in the
most acidic area, an estimated 2.83 acres based on the geologic mapping of the site, where
ongoing acid formation is occurring. Other areas will receive about one-fifth this amount
per acre. The application rate was determined by the ability to uniformly distribute the
phosphate rock over the less acidic zones, rather than by known stoichiometric requirement.

Magnesium hydroxide will be applied in the Mine Run stream channel at a rate of about 2.5
tons (dry weight) per hundred lineal feet of channel. This application rate is governed by
the practical 12-inch limit to which the shallow bedrock zone immediately beneath the
residual soil rrnght be penetrated with conventional excavation equipment. The
magnesium hydroxide will be applied as a 50 weight-percent slurry, about one-half full.
The excavated bedrock will be returned to the trench as backfill over the top of the
magnesium hydroxide-treated zone. This installation technique is feasible primarily in
Hinckley Run and the upper reaches of Mine Run.

Magnesium hydroxide will be spray-applied to the side slopes of Mine and Hinckley Runs
at a rate of about 800 pounds per acre. The magnesium hydroxide will be held in place with
a tackifying agent of the type used in hydroseeding.

5.3.2 Field Quality Control
The dicalcium silicate application rates for Mine Run and Hinckley Run are best estimates.
Field testing will be used to maintain an application rate sufficient to raise the pH of treated
residual soil to at least 9.5 at a depth of 12 inches or less where residual soil cover is less
then 12 inches deep. The dicalcium silicate will first be co-distributed with crushed
phosphate rock, then worked into the residual soil by one of several methods. In zones
where the pH cannot be raised to 9.5, a supplemental application of dicalcium silicate will
be used to raise the pH to at least 9.5. No separate quality control measure is planned for
phosphate rock application.

Magnesium hydroxide will be placed along the excavated streambed trench as uniformly as
possible. If the slurry flows too fast along the trench, a series of small widened zones may
be created to provide time for the magnesium hydroxide solids to settle. In areas where
groundwater visibly surfaces or where magnesium hydroxide rapidly dissolves, a
supplemental application of dicalcium silicate may be added to augment neutralization in
that immediate location, plus the quantity of magnesium hydroxide that is placed
downstream may be increased to elevate the overall neutralization capacity of the
streambed.

5.3.3 Treatment of Acidity in Shallow Fractured Bedrock

Because dicalcium silicate releases a small amount of alkali to the water that it contacts, it
will transport this residual into acidic zones as the water passes into the shallow fractured
bedrock beneath the residual soil and bedrock. The residual alkalinity will partially
neutralize acidity in the sub-grade fracture system, suppressing metal mobility at the point
intermixing occurs.
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5.3.4 Mixing Zone Control
As an additional safeguard to mitigate acidic runoff from the site, the main drainage
channel at the confluence of Mine and Hinckley Runs will be a lined limestone bed. While
limestone will neutralize strong acidity and provide some metal immobilization, the
submerged rock bed will also act as a filter to trap precipitates originating within Mine and
Hinckley Runs. The limestone bed will also provide some mixing between Penn Mine
runoff and water from Camanche Reservoir, allowing precipitation reactions an opportunity
to deposit suspended solids within the limestone bed.

5.4 Failure Mode Analysis
The effectiveness of the proposed soil amendments as mitigation measures for residual
acidity will be monitored during post closure operations. Occurrence of the following
would be indications of system failure:

• The pH of runoff from the site is low enough to drive the pH of Camanche Reservoir
below a point at which impacts occur.

• The pH is high enough to cause precipitation of alkaline compounds such as calcium
carbonate or magnesium hydroxide in Camanche Reservoir, creating an aesthetic
problem

• Nutrients from the site enter Camanche Reservoir, leading to eutrophication

• Revegetation at the site is impaired by soil amendments

Site conditions under which these types of failures could occur were identified and
evaluated. Possible corrective measures were also identified. The failure types and
proposed remedies are summarized in Table 15.

The post restoration monitoring program will be designed to specifically address the
potential failure mechanisms identified in Table 15. The post restoration monitoring
program will be prepared and submitted to the PAC under separate cover. It will identify
details of monitoring locations, sampling frequency, and analytical suites.

6.0 Mass Loading Estimates for Post Restoration Conditions
Post-restoration mass loadings of copper and zinc from the Penn Mine site have been
evaluated under three scenarios: annual average conditions; "first flush" conditions; and
Pardee Dam low-flow conditions. The mass loads of copper and zinc were calculated based
on the assumption that the average pH of drainage within and from the restored site is
within the design goal of 8.5 to 9.5. To be conservative, a pH of 8.5, and the solubility of
copper and zinc at this pH were used in the calculations.

Each of the three scenarios is described in a separate section below and summarized in
Table 16.

6.1 Annual Average Conditions
Dicalcium silicate and phosphate rock were chosen as soil amendments to the residual soil
because of their ability to raise the pH of the amended residual soil to at least 9.5, and the

16



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

pH of water that comes in contact with amended residual soil to a pH approaching this
value. Pore water from amended residual soil /bedrock will mix with water from other
sources, both on- and off-site, which would reduce the pH somewhat. The design is
intended to maintain the pH of drainage from the Penn Mine site at a pH of at least 8.5
throughout the site.

At a pH of approximately 8.5, the intrinsic solubilities of copper and zinc are limited by their
chemical properties. The solubility of copper at this pH is less than about 0.1 mg/L, and the
solubility of zinc is less than about 0.6 mg/L (Patterson~et a!., 1977).

Treated residual soil on the mine site will be at a sufficiently high pH that copper and zinc
originating within the mine site will not exceed their solubility at a pH of about 8.5. Water
from the upland watershed has even lower concentrations of these metals, except during the
precipitation season's first flush runoff, when the copper may exceed 0.4 mg/L and zinc
may exceed 1.8 mg/L (CH2M HILL 1999b, Table 6). Ignoring first flush effects, the
estimated average concentrations of copper and zinc should not exceed about 0.1 mg/L and
0.6 mg/L, respectively, in groundwater from up-gradient shallow bedrock and in
neutralized residual water from direct precipitation, assuming the design goal of pH 8.5 is
achieved. (Surface water and alluvial groundwater from up-gradient are assumed to
remain unchanged by site soil amendments.)

At the expected post-restoration copper and zinc concentrations, the nominal long-term
mass loads in surface water and residual soil and bedrock flows would average about 117
pounds per year for copper, and about 348 pounds per year of zinc.

Groundwater flowing through shallow bedrock will carry an additional mass load. The
estimated annual copper load is about 5 pounds per year, and the zinc load is about 72
pounds per year.

As shown on Tables 13 and 16, the estimated total annual average mass loads of copper and
zinc leaving the Penn Mine site are 122 pounds per year of copper, and 420 pounds per year
of zinc. The metal load from upland watershed inflow is approximately 40 percent of the
total metal load leaving the site.

6.2 First Flush Conditions
The rainfall year's "first-flush" discharge from the Penn Mine site will carry metal loads
from a number of discrete components within and up-gradient from the Penn Mine site.
The mass load estimates need to be made on the basis of a finite flow increment. We have
assumed that the first flush occurs in October, when the average hydraulic discharge rate
rises after an extended period of low rainfall (see Table 9), and that first flush conditions will
span ten percent of the rain year.

Copper and zinc in water that has a pH of about 8.5 through contact with site soil
amendments will have copper and zinc concentrations with an upper limit that is pH­
dependent. We have assumed that groundwater from up-gradient bedrock and runoff from
direct precipitation will come into contact with amended residual soil and bedrock. Under
these conditions, the metal concentrations are estimated to be 0.1 mg/L copper and 0.6
mg/Lzinc.
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Groundwater exiting the site through shallow bedrock makes a small but essentially
constant contribution to the mass load from the site. The copper mass load leaving the site
in groundwater is about 5 pounds per year of copper and 72 pounds per year of zinc.

Surface water and alluvial flows from the upland watershed show a pronounced first flush
effect. In the first rainfall of the 1999 season, the total copper concentration from upland
runoff was 0.28 to 0.4 mg/L and the total zinc concentration was 1.4 to 1.8 mg/L
(CH2M HILL 1999b, Table 6). After other metal contributing streams are accounted for, the
instantaneous first flush metal concentrations in surface water and alluvial groundwater
leaving the post-restoration Penn Mine site were calculated to be 0.43 mg/L copper and 1.7
mg/L zinc. These concentrations represent an instantaneous 1.9-fold increase in copper and
3.1-fold increase in zinc, compared to the average concentrations in effluent from the
restored site.

As shown in Table 16, these first flush metal concentrations will raise the post-restoration
mass loads to an estimated 128 pounds per year of copper (average copper load is about 117
pounds per year) and an estimated 407 pounds per year of zinc (up from an annual average
of 348 pounds per year).

6.3 Pardee Dam Low-Flow Conditions
In the period extending from October 1,1993 through May 6,1999, releases from Pardee
Dam fell to low flow rates on three occasions; November 13 through 20, 1995 (5 cfs for nine
days); AugUst 1 through 8,1994 (8 cfs for eight days); and January 10 through February 4,
1994 (10 cfs for 26 days). All three of these low flow releases occurred during extended dry
periods, when no precipitation was recorded at the Camp Pardee meteorological station.

The evaluation of low-flow conditions was calculated for a release rate from Pardee Dam of
5 cfs. The flow and metal mass loading for the low-flow conditions are summarized in Table
16.

The Pardee Dam low-flow condition assumed smaller contributions to the metal mass load
from the site, since larger contributions such as runoff from the upland watershed would
not occur during dry weather. The main contributors of metals from the Penn Mine site
during low flow would be groundwater flowing through shallow bedrock, pore water
trapped in sub-alluvial fractures, and residual seepage from the plug in Mine Shaft 4.

Flow through shallow bedrock would contribute about 11.3 acre-feet per year (7 gallons per
minute). The incoming metal load from this flow would consist of about 0.009 pound per
day of copper and about 0.037 pound per day of zinc. However, this water also would
contact pore water trapped in the sub-alluvial fracture zone. It was assumed that about 15
percent of the pore water exchanges with incoming groundwater, releasing copper and zinc.
Of the remaining 85 percent, it was assumed that half was intimately contacted with treated
residual soil and bedrock at a pH of about 9 and the rest maintained its original
composition. This groundwater flow was joined by seepage around the seal of Mine Shaft 4,
which is assumed to pass 1 percent of the original 60 gpm. The estimated metal mass load
in the combined 7.6 gpm groundwater stream is about 0.14 pound per day (53 pound per
year) of copper and 0.48 pound per day (178 pound per year) of zinc.

Groundwater in shallow bedrock leaves the site beneath what is now Mine Run Dam. As
shown in Table 16, the average metal mass load leaving through this pathway is about 0.013
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pound per day copper and 0.2 pound per day zinc. During low-flow conditions following
restoration, however, the hydraulic gradient for groundwater movement in shallow bedrock
beneath Mine Run Dam is decreased. The metal mass load into Camanche Reservoir from
shallow bedrock during low flow conditions is probably much smaller than the preceding
estimate.

7.0 Pre-Mining Condition

7.1 Methods for Estimating Pre-Mining Conditions
Information about pre-mining conditions can be gained with confidence only through a
comprehensive and long-term baseline monitoring program, prior to commencement of ore
exploration and mining. Pre-mining conditions in historic mining districts are, almost
without exception, undocumented. There are several techniques for estimating the pre­
mining water quality and generalenvironmental conditions at a mine site.

One common method is geochemical modeling. Contemporary geochemical modeling is
predicated on haVing "complete" information of all the mineral phases that are present, and
having full thermodynamic knowledge about their interactions in liquid, solids and gas
phases. Even with this full suite of information, quantitative predictive modeling falls short,
because it is unable to take into account rates of reaction, bulk liquid and solid behavior,
and dynamic field conditions. Consequently, geochemical modeling is most useful for
conducting sensitivity analyses and trends, and is unsuitable for making quantitative
predictions about real-world conditions.

A second common method is to compare the disturbed mine site with a "geologically
similar" but un-mined location. This method produces a low-biased estimate of baseline
conditions for a mine site, because if the reference site were similarly mineralized, it, too
would have been mined. Nevertheless, this is often the only method available. At best,
reconstructing pre-mining conditions based on "geologically similar" locations gives a
lower limit for contaminant metal concentrations. Hence, pre-mining background
conditions would almost certainly have been worse than estimates based on the reference
locations.

7.2 Pre-Mining Background Water Quality from Up-Gradient Runoff and Shallow
Groundwater
Water quality data were collected for Mine Run and Hinckley Run Diversions and were
reported in the first Interim Effectiveness Monitoring Report (CH2M HILL, 1999b, Table 6).
During the period that followed, several new groundwater monitoring wells were installed,
and both new and pre-existing wells were sampled for metal concentrations and general
water quality parameters (Table 1 and 2, current report).

7.2.1 Surface Water Component of Background Metal Loads
Total metals data for Mine Run and Hinckley Run Diversions were used to estimate the
metal load from upland areas (and by analogy, the contribution from the Penn Mine site
before mining occurred). Total metal concentrations were used to implicitly account for
erosion-derived suspended sediment contributions to the metal mass load. Hydraulically,
the upland areas and the mine site would produce an average combined flow into the
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Mokelumne River (Camanche Reservoir) of 217.6 acre-feet per year, pre-mining, based on
analogy with post-restoration conditions described in Appendix E, but assuming a 43.5 acre­
foot per year up-gradient groundwater component.

Metal mass load calculations were performed for each discrete time increment preceding the
sample dates listed in Table 6 of the first Interim Effectiveness MonitoringReport
(CH2M HILL, 1999b). In addition, the concentrations were apportioned according to the
flow contribution from each drainage area: 13.1 percent of the surface water and alluvial
flows passing through Mine Run and 86.9 percent passing through Hinckley Run.

The estimated lower mass limit for copper in surface water and shallow alluvial flow is 54.8
pounds per year, and the lower-limit estimate for zinc is 136.3 pounds per year. To estimate
the total mass load lower limit for water leaving the Penn Mine site, it is necessary to add
the metal mass load contribution of groundwater flowing through shallow bedrock.

7.2.2 Groundwater in Shallow Bedrock
Table 1 presents analytical results for groundwater samples for up- and down-gradient
wells surrounding Mine and Hinckley Runs. Of the up-gradient wells, three appear to be
unaffected by acidic, metal-containing drainage from mine-derived wastes, based on the
sulfate data: wells W-1, W-2S, and W-5. These wells were assumed to be indicative of
background water quality in up-gradient shallow groundwater flowing through bedrock.

Average concentrations for soluble copper and for soluble zinc were calculated, and the
average values were used to estimate the metal mass loads entering the Penn Mine site in
up-gradient shallow groundwater in fractured bedrock. The average soluble copper
concentration is 0.11 mg/L and the average zinc concentration is 0.44 mg/L.

The groundwater flow rate through shallow bedrock was assumed to be 43.5 acre-feet per
year as indicated in Table 6 and Appendix E (pre-restoration). Using this estimated flow
rate and the metal concentrations in the preceding paragraph, it is estimated that
groundwater in shallow bedrock contributed about 12.7 pounds of copper per year and 52
pounds of zinc per year to the Mokelumne River, pre-mining.

7.2.3 Estimated Pre-Mining Metal Mass Load
Combining the lower-limit estimates of metal mass loads for surface water and shallow
alluvium with estimates for groundwater flowing through shallow bedrock gives estimated
overall pre-mining metal mass loads of 68 pounds per year of copper, and of 188 pounds per
year of zinc. Actual metal mass loadings were probably higher than these estimates.

8.0 Water Quality Impacts of Post-Restoration Site
A series of estimates have been made of metal concentrations and mass loads in surface
water and subsurface flow from the Penn Mine site, both pre-mining and post-restoration.
These estimates and the copper and zinc concentrations in Camanche Reservoir are
presented in Tables 16 and 17.

The release rate from Pardee Dam has ranged from 5 cubic feet per second (cis) to 6,483 cis
over the past 10 years. The contribution of copper and zinc in surface and alluvial runoff
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from the Penn Mine site can be illustrated by showing the incremental concentration
increase in Camanche Reservoir for the different site runoff conditions listed in Table 16.

Table 17 shows the concentration increase that would result from runoff from the post
restoration Penn Mine site under three release rates from Pardee Dam: 5 cis, 50 cis, and 500
cis. The table shows that copper and zinc concentration increases in the estimated pre­
mining condition would be about the same for pre-mining as for the estimated post­
restoration low-flow condition. The table also shows that the first flush condition makes a
greater impact on Camanche Reservoir than any other condition: a significant result, since
most of the metal load and high concentrations originate in upland areas that were not
affected by mining.

The post-restoration conditions were based on the design goals of the restoration project,
primarily that the pH of water on the site and of site runoff be above 8.5. The small
contributions of metals from the restored Penn Mine to the concentrations in Camanche
Reservoir indicate that the design goal is reasonable, and should be implemented as fully as
possible.

9.0 Post-Restoration Monitoring Program
Post-restoration monitoring of Mine and Hinckley Run will begin after site restoration
activities are completed, as described in the WQMP. The monitoring information will be
interpreted in the context of the "Simplified Annual Average Water Budget" conceptual
model presented in Addendum 3, Monitoring and Evaluation of Stage II Site Activities
(CH2M HILL, 1999a).

The objectives of post-restoration monitoring include:
• Monitoring metal mass loads entering Camanche Reservoir from the Penn Mine site per

theWQMP

• Monitoring the effectiveness of mitigation alternatives, such as the seal in the Mine Shaft
4 area

• Documenting the improvements in metal mass loads, compared with pre-restoration
metal mass loads

This activity will include monitoring the quality of surface water and groundwater inflows
to Mine Run and Hinckley Run, as well as outflow from Penn Mine, using existing and
newly established surface and subsurface sampling locations. Groundwater quality will be
monitored using a network of monitoring wells. Surface water flow through Mine Run and
Hinckley Run will be monitored using permanent weirs. The monitoring program will
include measurement of pH, and electrical conductivity, flow rate, and selected metals.

The percentage decrease in post-construction metal loads, from the pre-restoration phase
will be estimated over the course of several sampling events. Post-restoration metal
concentrations and metal loads will also be compared with estimates of baseline conditions,
as appropriate. A post-closure Water Quality Monitoring Plan will be prepared and
submitted to the EPA for review and approval. This plan will document the location and
frequency of sample collection, the analytical suite, QC procedures and reporting events.
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10.0 Summary
Mine waste has been removed 'from both Mine Run and Hinckley Run, and confirmation
sampling and analysis has been performed. Water quality monitoring has begun. The
monitoring program will be revised to reflect post-closure conditions.

The water budget for the site was re-calculated to better distinguish between pre­
restoration, restoration, and post-restoration conditions, and to facilitate simulation of
variability in site discharge conditions.

Mitigation measures to address residual acidity were evaluated relative to reducing the
acidity of water discharged from the site. Soil amendments that could achieve water quality
goals were selected. Quality control measures for the application of the amendments and
additives have been summarized, and potential modes of failure have been identified.

Metal mass loads and concentrations in site runoff have been estimated for four conditions:
pre-mining; post-restoration, low Pardee Dam release rate; post-restoration, average
conditions; and post-restoration, first flush of the rainy season.

Incremental effects that would be caused by runoff from the Penn Mine site were evaluated.
The largest impact comes from first flush conditions, contributed primarily by runoff from
un-mined upland areas. This indicates that the Penn Mine site should have minimal impact
on water quality in Camanche Reservoir after restoration is completed.
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Table 1

Groundwater Sample Results (in mgIL)
April 22 and 25,1999

Second Interim Effectiveness Monitoring Report, July 1999
Penn Mine Environmental Restoration Project

[Parameter W·2D W-2S ! W-I w-s i CIIMW·2 i CHMW-3 i GS-7 I ! ! GS-4A '
Copper, tOUlI

i GS-8A GS-14 W-ID

0.0085 0.022 0.10 0.11 I <0.10 2.2
I

38
Copper, soluble

i
I 0.017 42 0.12 2,2

<0,050 , 0.062 0.10 0.16 0.12 i
Iron, tOUlI

2.3 37 0.035 41 0.15 2.3

i I ! I I<0.10 <0.10 ! 29 0.76 130

I
<2.0 1.6 I

Iron, soluble

I 1 I
0.15 40 I <2,0 <2.0

<1.0 <1.0 10 <1.0 140 <1.0
i

Zinc, total
I I 1.8 <0,10 46 I <1.0 <1.0

I

I I II I<0.01 0,38 0.14 0.84 I

i 1I0 40 120 I 0,043 140 17 47
Zinc, soluble I

I I
!

<0.10 0.41 <0,10 0.86 ! 120 39 120 0.084 !
Alkalinity (1)

I 140 i 15 I 48
I

I I \
I I

350 250 64 66 ! <S
i

~lfate

67 <5.0 37 i 47 I 110 \ 37

I I I I ! 3400

I !
1700 190 9.6 20 1 1400 3600 3000 200 \2100 i 1900

Notes:

(I) total alkalinity as CaC03
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Table 2

Summary of Groundwater Sampling Parameter!
April 22 and 25, 1999

Second Interim Effectiveness Monitoring Report, July 1999
Penn Mine Environmental Restoration Project

CASING TOTAL DEPTH TOTAL PURGE FINAL WATER OUALITY PARAMETER READINGS
WELL ID DIAMETER DEPTH TO WATER VOLUME TEMP pH E.e. Turbidity

(INCHES) (FEETI (FEEn (GALLONS) (F) (ms)

W-2D 4 58 9.28 25 64.6 7.1 2.99 70.8

W-2S 4 18 12.12 19 67.5 7.11 0.686 7

Iw-I 4 19.5 18.82 4 60.9 5.44 0.009 372

W-5 4 18 8.5 23 59.4 5.7 0.146 6.6

EW-2 (I) 4 53.5 Dry 3 --- --- --- --.

CHMW-2 2 102 49.22 85 68.3 5.36 2.34 14

CHWM-3 2 34.8 14.42 50 66.4 5.33 4.46 200

PS-7 8 47.5 6.41 360 66.2 3.82 3.78 0.4

laS-8A 8 19.5 6.23 138 63.2 6.8 0.406 6.2

GS-14 8 67 4.71 500 63.1 3.62 4.08 3.8

GS-4A 8 51 9.11 140 65.7 6.33 3.02 100.1

WI-D 8 _.- 11.65 1300 69.6 5.5 2.39 32.1

Notes:
(I) EW-2 not sampled due to insufficient water in well.
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Table 3

Residual Soil and Bedrock Sample Analytical Results

25-Apr-99

Second Interim Effectiveness Monitoring Report, July 1999

Penn Mine Environmental Restoration Project

I Parameter I Units I HK-C3 I HK-C5 I HK-C8 IHK-CI0 I
Aluminum, total mglkg (2) 9,200 3,800 14,000 5,500
Aluminum, soluble (1 ) mg/L (3) 260 150 460 72
Cadmium, tOlal mglkg <50 <50 <50 <50
Cadmium, soluble (I) mg/L 0.99 0.13 2.7 <1.0
Copper, total mgfkg 1,200 6,600 4,800 11,000
Copper, soluble (I) mg/L 97 100 700 760
Iron, total mglkg 55,000 200,000 44,000 22,000
Lead, soluble (I) mg/L <0.5 <0.5 <5.0 <5.0
Nickel, total mglkg <100 <100 <100 <100
Nickel, soluble (I) mglL 0.53 <0.5 <5.0 <5.0
Zinc, total mglkg 2,400 760 5,000 830
Zinc, soluble (I) mglL 190 22 580 76
Percent Moisture % 6.02 5.19 18.4 9.15
pH pH unit 3.15 3.34 2.73 3.36
Sulfur % 0.93 0.69 1.84 0.75

NOles:

(I) soluble metals analysis by California Wasle Extraction Test (WET) using DI Water

(2) mg/kg =milligrams per kilogram

(3) mg/L =milligrams per liter
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Table 4

Acid Base Accounting
Second Interim Effectiveness Monitoring Report, July 1999

Penn Mine Environmental Restoration Project

ACIDIBASE ACCOUNTING

SAMPLE NAME MATERIAL DESCRIPTION
NP(1)(l) (Ukt) Acid Potential(AP) Net Neutralization Potential

(Ukt) (NP.AP)()) (Ukt)
Ratio of NP/AP'4)

Dark red sapprodite and re-worked
HK-C3 material with possible pods of waste 35.5 27.07 8.43 1.3

with greenish sulohide orecioitates.

HK-C5
Highly mineralized waste rock,

12.5 20.78 -8.28 0.6
Igrayish brown.
Light blueish white malacite

HK-C8 interspersed with bedrock, waste, 95.3 51.54 43.76 1.8
sla2. and float. ,

HK-CIO Reactive waste rock with marcasite. 20.1 22.27 -2.17 0.9
Notes.

(I) Acid Neutralizing Potential
(2) Units are tons CaCDI per kiloton.

(3) A positive value indicates material has excess neutralization potential.

(4) A ratio of greater than 3 indicates material is not likely to be acid generating.
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TableS

Penn Mine Site Water Budget Components

Second Interim Effectiveness Monitoring Report, July 1999

Penn Mine Environmental Restoration Project

Il.:omponent Designation

Inflows

Inflow from direct precipitation QI

Groundwater inflow from shallow bedrock Q2
Upland watershed inflow (surface water and shallow alluvial
groundwater) Q6

Outflows

Evapotranspiration Q3
Surface water and shallow alluvial groundwater discharge to Camanche
Reservoir Q4
Groundwater discharge from shallow bedrock to Camanche Reservoir Q5

144069 Second Interim Monitoring Report, July 1999 Table 5
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Table 6

Penn Mine Site Pre-Restoration Water Budget

Second Interim Effectiveness Monitoring Report, July 1999
Penn Mine Environmental Restoration Project

Flow
Component (ac·ftIyr) Comments
Inflow from Direct Precipitation. QI 106.56 Has not contacted mine waste
Groundwater Inflow from Shallow Bedrock. Q2 43.5 Acidified from contact with natural bedrock
Evapotranspiration. Q3 27.77 Evaporation Carries no metals or acidity off site.

66.0 Transpiration
Surface Water and Shallow Alluvial Groundwater
Discharge to Camanche Reservoir, Q4 56.2 Contacts mine waste

Groundwater Discharge from Shallow Bedrock to
Camanche Reservoir, Q5 0.12 Contacts mine waste and naturally acidifying bedrock
Upland Watershed Inflow (Surface water and shallow
alluvial groundwater). Q6 0 All interceoted by diversion structures

144069 Second Interim Monitoring Report, July 1999 Table 6
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Table 7

Penn Mine Site Restoration Period Water Budget

Second Interim Effectiveness Monitoring Report, July 1999
Penn Mine Environmental Restoration Project

Flow
Component (ac-fUyr) Comments

Inflow from Direct Precipitation, Ql 106.56 Has not contacted mine waste
Groundwater Inflow from Shallow Bedrock, Q2 43.5 Acidified from contact with natural bedrock
Evapotranspiration, Q3 13.2 Evaporation Carries no metals or acidity off site.

oTranspiration
Surface Water and Shallow Alluvial Groundwater
Discharge to Camanche Reservoir, Q4 136.7 Contacts mine waste

Groundwater Discharge from Shallow Bedrock to
Camanche Reservoir, Q5 0.12 Contacts mine waste and naturally acidifying bedrock
Upland Watershed Inflow (Surface water and shallow
alluvial groundwater), Q6 0 All interceoted by diversion structures
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- _.- - .. - - - - - - - - - - - - - -
TableS

Penn Mine Site Post-Restoration Water Budget

Second Interim Effectiveness Monitoring Report, July 1999

Penn Mine Environmental Restoration Project

Flow
Component (ac-fUyr) Comments

Inflow from Direct Precipitation, QI 106.56 Has not contacted mine waste
Acidified from contact with natural bedrock. Mitigated by dicalcium

Groundwater Inflow from Shallow Bedrock, Q2 12.2 silicate and magnesium hydroxide in residual soillbedrock.

Evapotranspiration, Q3 oEvaporation Carries no metals or acidity off site.

83.07 Transpiration

Surface water does not contact mine waste. Shallow alluvial
groundwater may contact mine waste at residual soillbedrock interface.

Surface Water and Shallow Alluvial Groundwater Shallow alluvial groundwater mitigated by dicalcium silicate and
Discharge to Camanche Reservoir. Q4 186.3 magnesium hydroxide in residual soil!bedrock.

Groundwater Discharge from Shallow Bedrock to
Camanche Reservoir, Q5 0.12 Contacts mine waste and naturally acidifying bedrock
Upland Watershed Inflow (Surface water and shallow Surface water does not contact mine waste, but contains background
alluvial groundwater), Q6 150.7 metal loading.

144069 Second Interim Monitoring Report, July 1999 Table 8
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Table 9
Estimated Monthly Flows, Post-Restoration (acre-feeUmonth)

Second Interim Effectiveness Monitoring Report, July 1999

Penn Mine Environmental Restoratiojn Project

Month Ql Q2 Q3 Q4 Q5 Q6
January 19.79 1.02 15.52 33.27 0.01' 27.99

February 18.09 1.02 14.18 30.50 0.01 25.59

March 17.05 1.02 13.37 28.82 0.01 24.12
April 9.39 1.02 7.33 16.36 0.01 13.28
May 4.26 1.02 3.28 8.02 0.01 6.03

~une 1.34 1.02 0.98 3.26 0.01 1.89

July 0.24 1.02 0.11 1.48 0.01 0.35
August 0.33 1.02 0.18 1.62 0.01 0.46

September 1.19 1.02 0.86 3.02 0.01 1.68

October 6.17 1.02 4.79 11.12 0.01 8.73
November 12.17 1.02 9.52 20.88 0.01 17.22

December 16.51 1.02 12.94 27.94 0.01 23.36
1otalS {acre-
feet/year 106.53 12.24 83.06 186.29 0.12 150.70
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Table 11

Estimated Nominal Pore Water Characterstics in Mine Run and Hinckley Run

Second Interim Effectiveness Monitoring Report, July 1999
Penn Mlne Environmental Restoration Project

Parameter MineRun Hinckley Run

Aluminum, mgIL (1) <276 2,360

Cadmium, mgIL <6 <11

Copper, mglL 72 4,140

Nickel, mgIL <33 <14.5
Zinc. mgIL 162 2,170

pH (estimated) 2.33 1.75

Notes:

(I) mgIL =milligrams per liter
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Table 12
Pre-Restoration Water Budget and Metal Loads

Second Interim Effectiveness Monitoring Report, July 1999
Penn Mine Environmental Restoration Project

Flow Copper Mass Zinc Mass
Component Ac· ft/yr (Ibslyr) (lbs/yr)

Inflow from direct precipitation, QI 106.56 0.00 0.00
Groundwater inflow from shallow bedrock, and Mine

Shaft 4 seepage, Q2 43.50 1,583 4,514
Evapotranspiration, Q3 94.00 0.00 0.00
Surface water and shallow alluvial groundwater
discharge to Camanche Reservoir, Q4 56.20 19,378 39,930
Groundwater discharge from shallow bedrock to
Camanche Reservoir, Q5 0.12 4.89 71.76
Upland watersnea InflOW tsunace water ana snallOw
alluvial groundwater), Q6 (I) 0.00 0.00 0.00
IJotal esnmalea Olscnarge LO L.amancne KeservOlT ~IJ"
+ Q5) 56.32 19,383 40,002

Notes:
(1) Q6 is diverted around site in pre-restoration condition
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Table 13
Post-Restoration Water Budget and Metal Loads

Second Interim Effectiveness Monitoring Report, July 1999
Penn Mine Environmental Restoration Project

leomponen, I now
opper
Mass Zinc Mass

(Jbslyr) (Ibslyr)(Ac - ftlyr)

Inflow from direct precipitation, Q1 106.56 0.00 0.00
Groundwater inflow from shallow bedrock, and

Mine Shaft 4 seepage after plug installation, Q2 12.20 52.00 158.38
Evapotranspiration, Q3 83.07 0.00 0.00
Surface water and shallow alluvial groundwater
discharge to Camanche Reservoir, Q4 186.30 117.30 348.30
Groundwater discharge from shallow bedrock to
Camanche Reservoir, Q5 0.12 4.89 71.76
Upland watershed mtlow (surtace water and
shallow alluvial groundwater), Q6 150.70 48.92 151.60
I otal estlmateo olscnarge 10 vamancne
Reservoir (04 + 05) 186.42 122.2 420.1
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Table 14

Soil Amendment Summary
Second Interim Effectiveness Monitoring Report, July 1999

P M' E I R Penn me nVlronmenta estoratlon rOiect

I I
Recommended for

use at

Potential Amendment Characteristics Pertinent to Penn Mine Site Penn Mine

Limestone Family
Limestone (calcium carbonate) Dissolves in acid and releases CO2 No

Keeps pH of aqueous phase less than 5.0 to 6.0 until
Dolomite (calcium magnesium carbonate) CO2 is released, thereby allowing metals to remain in No

solution at higher concentrations.

Cement kiln dust Could produce drainage of high pH leading to No
Limestone (calcium carbonate) undesireable precipitates. No

Phosphate rock Inhibits acid formation in pyrite deposits by Yes (to supress
(calcium phosphate, ferric phosphate) precepitating ferric iron. Can encapsulate pyritic formation of new

minerals stonninp acid formation. acidity)
Magnesium hydroxide and magnesium oxide Elevates pH to about 9.0, regardless of amount applied Yes (to raise pH of

runoff high enough
to precipatate
metals)

Dicalcium silicate Maintains a pH of about 11 regardless of amount Yes (to immobilize
applied. Neutralizing capacity is about 85 to 90 percent metals in residual
that of limestone on a weight-equivalent basis soil and bedrock

and neutralize pore
water in shallow
bedrock)
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Failure Mode Analysis Summary

Second Interim Monitoring Report, July 1999
Penn Mine Environmental Restoration Project

I Mode of Failure II Effects of Failure II Severity of Effects II Probability of Occurrence

IPotential Preventive or Corrective
Measures

Hig:h Metal Concentration

I. Active acid formation on steep Excessive consumption of soil Low to moderate during Pardee Low to moderate Grout acid - generating zone with

side slopes amendment material; potential low flow grout containing pulverized

adverse effects during low flow phosphate rock.

from Pardee Dam

2. Localized seeps or springs are Excessive consumption of soil Low to moderate during Pardee Moderate Reapply passive agent such as

flowing amendment material; potential low flow magnesium hydroxide along the

adverse effects during low flow drainage route

from Pardee Dam

3. Diffuse flow contributing to poor Excessive consumption of soil Low to moderate during Pardee Moderate Reapply passive agent such as

water quality in stream amendment and stream channel low flow magnesium hydroxide along the

channels. treatment agent; potential adverse stream channel

effects during low flow from

Pardee Dam

4. Shaft 4 plug leakage, Rapid and excessive consumption Moderate to serious during Low Isolate leakage; apply large

bypassing, or failure of soil amendment and stream Pardee low flow excess of pH-limiting alkali such

channel treatment agent as limestone or magnesium

hydroxide; determine whether

leakage can be corrected and what

effect it has on the reservoir;

confer with proper agencies and

correct the situation as

feasibility permits

..ow nH Runoff

~. Active acid formation on steep Excessive consumption of soil Low during low flow from Pardee Low to negligible No action, periodic observation; if

side slopes amendment material; potential Dam; negligible at high flow and action is required; grout acid-

adverse effects during low flow runoff from site generating zone with grout

from Pardee Dam containing pulverized phosphate

rock
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Table 15

Failure Mode Analysis Summary
Second Interim Monitoring Report, July 1999
Penn Mine Environmental Restoration Project

Mode oC Failure Effects oC Failure I Severity oC Effects II Probability oC Occurrence

IPotential Preventive or Corrective
Measures

Hil!.h DH Runoff

6. Site runofffrom non-localized Creates localized high turbidity Low to moderate (primarily Moderate to high during and Sparge carbon dioxide into stilling

source at pH>9.0 to 9.3 where runoff and Camanche aesthetic impairment) immediately after site restoration; well upstream of f1ume(s) at toe of

Reservoir waters mix low to negligible later, including drainage (stream) channels; wait

during low flow conditions for precipitates to form around

alkaline amendment (dicalcium

silicate), which will reduce the

diffusion rate of alkali

p. Top soil cover has washed off Creates localized high turbidity Low to moderate (primarily Low to moderate until revegetation Reapply soil cover and reseed;

exposing dicalcium silicate- where runoff and Camanche aesthetic impairment) becomes established establish permanent drainage

treated residual soiVbedrock Reservoir waters mix channel through washed-out zone;

surface Sparge carbon dioxide into

stilling well ahead of monitoring

Nutrients Enterin!!. Camanche weir

Reservoir

8. Excess acidity has neutralized Leads to enhanced algal growth Low Low to negligible Locate, isolate, and treat source

amendment, dissolving and die-off creating localized of ellcess acidity, if feasible;

phosphate rock eutrophication investigate integrity of stream

channel amendments and of

limestone channel (repair or

replace if needed)

Reve!!.etation Imoaired

9. Seeding and revegetation effort Top soil erosion; ellposure and Low to moderate Low to moderate Ellamine affected area(s) for

is ineffective erosion of alkaline amendment alkaline salt deposits, soil binding,

and of phosphate rock or other evidence of impairment

attributable to alkaline amendment

(treat with soil penetrant and

acidifier if needed); look for heavy

metal oxide deposition or elevated

dissolved solids (reapply alkali,

reapply to top soil and reseed);

look for surface water erosion

(create a side channel if needed)
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Table 16

Mass Loading Estimates for Post-Restoration Conditiom
Second Interim Effectiveness Monitoring Report, July 1999

Penn Mine Environmental Restoration Projed

106.56 0.00 0.00 N/A

Zinc Mass
(Ibslyr)

N/A

,",UPl''''

Mass
(Ibslyr)

Low Flow Conditions

0.00

Flow
(Ac· ft/yr)

II

0.00

Zinc Mass
(Ibslyr)

0.00

~\ll'l''''

Mass
(Ibslyr)

First Flush Conditions

106.56

Flow
(Ac· ftlyr)

II
Flow Mass Zinc Mass

(Ac· ftlyr) (Ibslyr) (Ibslyr)

II Amao,~~:••"'"ti.'"

Inflow from direct precipitation, Q1
Groundwater inflow from shallow bedrock, and Mine
Shaft 4 plug seepage, Q2 12.20 52.00 158.38 12.20 52.18 153.38 12.20 52.18 153.38

Evapotranspiration, Q3 83.07 0.00 0.00 83.07 0.00 0.00 0.00 N/A N/A
Surface water and shallow alluvial groundwater
discharge to Camanche Reservoir, Q4 186.30 117.30 348.30 186.30 128.00 406.71 12.20 52.62 177.95
Groundwater discharge from shallow bedrock to
Camanche Reservoir, Q5 0.12 4.89 71.76 0.12 4.89 71.76 0.00 N/A N/A
iuplana watershea mllow (surtace water ana ShallOw
alluvial groundwater), Q6 150.70 0.00 0.00 150.70 60.62 210.14 0.00 N/A N/A
ilOlal IV

(04 + 05) 186.42 122.19 420.06 186.42 132.89 478.47 12.2 52.62 177.95

144069 Second Interim Monitoring Report, July 1999 Table 16



Table 17
Estimated Copper and Zinc Concentration Increases in Camanche ReservoiJ

Second Interim Effectiveness Monitoring Report, July 1999
Pre-Minim! and Post-Restoration Conditions at Penn Mine

Notes:

'Values in perenthesis are below detection with routine anaytical methods commonly in use

J'eon Mme :site J'ardee lJam
Discharge Condition Release

(flow, ac-fUyr) Rate, crs

Pre-Mining (217.6.) 5

50

500

Zinc

0.018

0.002

(2 x 1O~

0.028

0.003

(3 x 10-4)

0.087

0.009
(9 x 10-4)

0.014

0.0014

(1.4 X 1O~

Copper

0.0056

(6 X 10-4)"

(6 X10'5)

0.005

(5 x 10-4)

(5 x 10'5)

0.011

0.001

(I x 10-4)

0.022

0.002

(2 x 10-4)

5

50

500

5
50

500

5
50

500

- Average Flow (186.3)

- First Flush (186.3)

lPost-Restoration
- Low Flow (12.3)

I

I
I

I

I

•
I

I
I
I

,I
I
I
I

144069 Second Interim Monitoring Report, July 1999 Table 17
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Figures



exc.dgn 16-JUN-1999 08:09:48

LEGEND

FIGURE 1
SURFACE WATER AND GROUNDWATER

MONITORING LOCATIONS
PENN MINE ENVIRONMENTAL

RESTORATION PROJECT

SHAFT LOCATION BASED ON MINE WORKINGS INFORMATION

APPROXIMATE LOCATION OF BACKGROUND SURFACE WATER SAMPLES

APPROXIMATE LOCATION OF MINE RUN SURFACE WATER SAMPLES

APPROXIMATE LOCATION OF SHORELINE SURFACE WATER SAMPLES

APPROXIMATE LOCATION OF USGS MONITORING WELL

WELL

o

-380- TOPOGRAPHIC coNTOUR PER SURVEY CONDUCTED ON 2/1199
(SEE NOTE 2)

- - - - - APPROXIMATE LIMIT OF MINE WASTE EXCAVATION
FROM MAY 1996 DRAFT EIR

• - - - - WASTE QUANTITY CALCULATION SUBOIVISION BOUNDARY

REVISED LIMIT OF PLANNED WASTE EXCAVATION BASED
ON SITE RECONNAISANCE (SEE NOTE 3)

DRAINAGE DIVIDE

EXISTING SURVEY CONTROL POINT

LIMIT OF EXCAVATION SURVEY CONTROL POINT

POINT OF INTERSECTION

SURVEY CONTROL POINT

ffi
SW-IO

IvIR';O

\
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144069.08.45' 144069.08.45 Pre Restoration' 5113/99· mai' sfc

Figure 2
Pre-Restoration Conceptual Water Budget

Penn Mine Environmental Restoration Project
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Figure 3

Restoration Period Conceptual Water Budget
Penn Mine Environmental Restoration Project

144069.08.45' 144069.08.45 Resloration Period· 5/13199· mai· slo
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Figure 4
Post-Restoration Conceptual Water Budget

Penn Mine Environmental Restoration Project

144069.08.45· PM Restorations 1 ·6/10/99· mai • sfc
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Appendix A
Well Installation and Boring Logs



I
I

PROJECT NUMBER WELL NUMBER

• CH2MHILL
144069.08.47 CHMW-2.. WELL COMPLETION DIAGRAM

I
I

PROJECT Penn Mine Restoration Project LOCATION: Mine Run
DRILLING CONTRACT Hunt Drilling
DRILLING METHOD AND EQUIPMENT Air Percussion Casing Hammer Model TM-60
WATER LEVELS: START: END: LOGGER: M.Medina

3- Well head protection cover type ....:4:...·..;:;st,;;;o..;.ve~pl;t;·p..;:;e _

Comments: Three centralizers used: one at the bottom of screen,

one at lop of screen, one near surface

I
I
I
I
I
I
I
I
I
I
I

I
I

5

6

\

90

1- Ground elevation at well

2- Top of casing elevation

4- DiaJtype of well casing

5- Type/slot size of screen

6- Type screen filter

7- Type of seal

a) Quantity used

8- Grout

a) Method of placement

Development method

2·inch Schedule 40 PVC

0.01 inch

#2112 sand

Bentonite - Hole Plug - 3/8' chips

neat cement

tremie

Surge and pump

I 144069.08.47 Well Completion Diagram CHMW-2.xls Penn Mine· Printed: 613199



I
I
I

PROJECT NUMBER WELL NUMBER

.CH2MHILL
144069.08.47 CHMW-3.. WELL COMPLETION DIAGRAM

PROJECT Penn Mine Restoration Project LOCATION: Mine Run

DRILLING CONTRACT Hunt Drilling

I
DRILLING METHOD AND EQUIPMENT Air Percussion Casing Hammer Model TM-60
WATER LEVELS: START: END: LOGGER: M.Medina

Comments:.:...: ...:C:.;:e;:.:n.:;;tra:.:.'i:=.ze:.:.r..:u:=.sed::....:8:.:.t..::bo.:;tt:.:;:o;:.:m;.;o:.:.'..::sc::.re.:;e:;,n:...- _

1- Ground elevation at well _

2- Top of casing elevation. _

4" stolle pipe

2-inch Schedule 40 PVC

#2112 sand

Bentonite - Hole Plug· 3/8" chips

Surge and pumpDevelopment method

4- Dia./type of well casing

5- Type/slot size of screen O:....O.:..1.:....:.:..in..:,.ch _

3- Well head protection

7- Type of seal

6- Type screen filter

8- Grout neat cement

a) Method of placement ...:t~re::.:m~ie:::...... _

1'\.

5

6

I
I

I

I

I

I

I
I

I

I
I

I
I
I
I 144069.08.47_6/3199 Penn Mine Well completion diagram CHMW-3.xls



Project. Number: 144069.08A7

SOIL BORING LOG

.Depth of casing, drilling rate,
'drilling fluid loss, tests and
:instrumentation

Sheet 4 of 4
iWater Level:

Comments
Loooer: M.Medina

!Boring No. CHMW-2Mine Run

Soil Description

Drilling Contractor: Hunt Drilling
Air Percussion

Soil name, uses group symbol, color,
:moisture content, relative density or
:consistency, soil structure, mineralogy

iLocation:
:Finish: 14:30

Sample

_ CH21V1HILL......'

Project: Penn Mine
Drillino Method & Equipment:

Start: 9:35
Elevation:

I

I

I

1436261roponsIlogsICHMW-2.xls [CHMW-2 (pg.4)1

90.0 =X B N/A

~

,

- I

~

-
...,

100.0 :X B

!
-'

-
--;,
-,

-"
-,

-,

105.0 ;

-
-,

-
--:
-
~

-
-,

110.0
-
-
-
-!

-
-,

...:

-.

-
-

115.0
-,

-
-
-,

-
-
-
-,

~

-

120.0 -

Printad: 611 BI99

j

i..,
i...,

1
!
i

-'
i
I

!

...:

J,
...l

..J Driller estimates 3 gallons per minute

--' production

; @ 90': cdark bluish gray (SPB, 4/1)

:BORING TERMINATED AT 100 FEET BGS
;BORING CONVERTED INTO MONITORING WELL,

N/A

-=><J:--! ,
-i

!
"l

95.0

I
I

I
I

I

I

I

I

I

I

I

I

I

I



SOIL BORING LOG

Project. Number: 144069.08.47

Soil Description
logger: M.Medina

Sheet 1 of 4

Comments

Depth of casing, drilling rate,
,drilling fluid loss, tests and
Iinstrumentation

iWater level:
;Boring No. CHMW-2MineRun

Drilling Contractor: Hunt Drilling
Air Percussion

•Finish: 14:30

:Soil name, uses group symbol, color,
:moisture content, relative density or
:consistency, soil structure, mineralogy

iLocation:

Sample

_ CH2N1HILL.......
Project: Penn Mine
Drilling Method & Equipment:

Elevation:
Start: 9:35I

I
I
I

I
'SERICITE SCHIST,light purplish brown. foliated.

!some soft clayey material between foliation. slightly

;greenish (possibly chlorite), some quartz fragment. dry

I
I

5.0
N/A !

-.j
I,

-

I
I
I
I
I

10.0

15.0

N/A

N/A
i

I

-

143626\reponsIJogsICHMW.2.x!s [CHMW·2 lPg. I)J Pl'tnl8d: 6118/99

, @ 20': increase in purple color

.@ 25': yellowish (10YR, 7/6), increase in clay content

N/A :

NlA

NlA !

XB
. ,

25.0

20.0

30.0

I

I
I

I

I

I

I



Project. Number: 144069.08.47

SOIL BORING LOG

Soil Description Comments----------'------------------------_ ..

.Depth of casing, drilling rate,
•drilling fluid loss, tests and
! instrumentation

'Water Level:
,Boring No. CHMW-2Mine Run

Drilling Contractor: Hunt Drilling
Air Percussion LOQQer: M.Medina

Soil name, uses group symbol, color,
moisture content, relative density or
consistency, soil structure, mineralogy

'Finish: 14:30
,Location:

Sample

_ CH2N1HILL.......

~t
Gl ......

CD Gl
~ Co)_ III

a.'t:
Gl ::J
0(1)

Project: Penn Mine
Drilling Method & Equipment:

Elevation:
Start: 9:35

I
I

I

I
Sheet 2 of 4

/---;;3:-;;:0--;;.0:---=X~-~.-B-.,.-N-/-A-,--'----@;O;---;;3""O';-:""'ye:7.n""'ow-"i""Sh:-C(;:-lO~Y-;;R'. ';;;7/;;:;6);-.-;-:in.,...cr:-:-ea.,...s,..,.e-;-ln-c:7la-y-CO-n-:te-n-,-t--=----------::c---::c=-:-=-=~-~

I
I

35.0
N/A

,@ 35': very pale brown (10YA, 8/4)

I
I
I
I
I

40.0

45.0

-iX:--' : B

~x B,

N/A

NlA

.@ 40': 10% quartz

.@ 45': GREEN SCHIST; light greenish gray (5GY.7/1),

some sericite, chlorite. and quartz

I -,

I 50.0
N/A

I

I
55.0

NlA

..,

1436261repor1SIIogsICHMW-2.xls [CHMW-2 (pg. 2))

I
I

60.0 NlA

Prlnl8Cl: 6118199



Project: Penn Mine
Drilling Method & EQUipment:

48 CH21V1HILL........
Proiect. Number: 144069.08.47

Sheet 3 of 4

Depth of casing, drilling rate,
drilling fluid loss, tests and
instrumentation

'Water Level:
,Boring No. CHMW-2Mine Run

Drilling Contractor: Hunt Drilling
Air Percussion Logger: M Medina

SOIL BORING LOG

Soil name, uses group symbol, color,
moisture content, relative density or
consistency, soil structure, mineralogy

Soil Description Comments_____..:::..::.~-=..=.:=-=:..::..:~ _____'~_____'c.:c:.c..:_"__.__•__•••.•

'Location:
:Finish: 14:30

CJ)
.... c.
CJ) >­
.o~

E-o
::::I c
Z III

Sample

~f
CIl~

CD CIl
.c ()_ I'll

Q.'t:
CIl ::::I
ccn

Start: 9:35
Elevation:

I
I
I
I
I

60.0
N/A

@ 60'; light bluish gray (58, 8/1), 70% quartz

I
I

65.0
N/A

@ 65'; increase sericite
-

I
I
I

70.0
N/A

I
I

75.0
N/A

@ 75'; bluish gray (108, 6/1), 5·10% quartz

I
I 80.0

NlA
@ 80'; dark bluish gray (5P8, 4/1 l, some pyrite

I
I
I

85.0 'XB NJA
@ 85': trace pyrite

._ @ 8T: First encountered groundwater

1436261ropot1SIIogsICHMW·2.xls ICHMW·2 (pg. 3))

I
I

90.0

.,.-/'

.:~ 8 NlA 119 90'; no pyrite

PrinISd: 6118/99



Project: Penn Mine
Drilling Method & Equipment:

Sheet 1 of 1

Depth of casing, drilling rate,
drilling fluid loss, tests and
instrumentation

'Water Level:
•Boring No. CHMW-3Location:

Soil name, uscs group symbol, color,
moisture content, relative density or
consistency, soil structure. mineralogy

Finish: 14:30

Proiect. Number: 144069.08.47

@ 10': similar to above, trace quartz. aphanitic textured

Drilling Contractor: Hunt Drilling
Air Percussion Logger: M.Medina
_____-=S.=o.::.i1.=D:..:e.=s.::.cr:..:Jipc.;t::.:io::..n=-- C=om:.:.::.:m::.:ec.:.n:.:ts::......_---_.

SOIL BORING LOG

@ 20': FRESH BEOROCK,greenish gray (lOGY, 5/1). -l@ 20': First encountered groundwater.

aphanitic textured _

'HIGHLY WEATHEREO BEDROCK· METAVOLCANIC.

:greenish gray (lOY, 6/1) with weathered dark reddish brown:

clay (SYR, 3/4). dry. 5·10% quartz, iron oxide s1aining,

'aphanitic textured

: @ 5.': less weathering. no iron oxide s1aining. greenish gray:Quartz veins observed 30 feet northeast _

,(lOY. 6/1), aphanitic textured iof boring within cut slope, approximately _

-7 feet bgs. Seep located atlS Ieet bgs

Ql
"-c.
Ql>.
.0 ....
E-c
::I c
Z III

Samole

.. CH21V1HILL.........

~f
Gl--m Ql
.c. lJ
.. III
Cl.'t:
Gl ~
QU)

-
-
-
-
-

-
-
-

,
,

5.0 X- '

-
-
-

--
-
-

10.0 -X
-
---
-
-
-

15.0 X
-
-
-

-
-
-

-

20.0

Elevation:
Start: 14:05

I

I

I
I

I

I

I

I

I

I
I

I
I

-,

I 25.0 X· :
. .

@ 25': greenish gray (SBG, 5/1)

I
I
I
I

-

30.0

~X
-

-
-
-
-

35.0
-
-
-

-

'BORING TERMINATED AT 32.0 FEET BGS

BORING CONVERTED INTO MONITORING WELL

I 1438261r_"_CHMW·3k1. (CHMW-3j Printed: 813199
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Appendix B

Laboratory Reports
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Groundwater Samples



1
1
1

P. 002

IIll1G~5""'S:22

Submission #: 9904340

TEL:510 484 1096

0.0050 N.D. 100
0.10 N.D. lOB

0.01\. ~ 102

~ratory Director

Project#: 10-467-01

0.0085
N.D.
N.D.

RESULT
(mg/L)

Matrix: WATER Extracted: April 30, 1999
Run#: 18592 Analyzed: May 4, 1999

REPORTING BLANK BLANK DILUTION
LXNZT RESULT SPIKE FACTOR

(mq/L) (mq/L) (%)

1220 Quarry Lane • Pleasanton, california 94566-4756
(925) 484-1919 • Facslmlle (925) 484-1096

Federal 10 #68-0140157

Atten: Sam Brathwaite

£1

Environmental SElrvicas (SOB)

CHROMALAB, INC.

May 4, 1999

CH2M HILL OAKLAND

Client Samp~e ID: W-2D
Spl#: 238135

Sampled: April 25, ~999

Project:: PENN MINE
Received: April 26, 1999

re: One sample for Miscellaneous Metals analysis.
Method: EPA 30~OA/3050AI60~OA Nov 1.990

ANALYTE
COPPER
IRON
ZINC

~:a:P:+--1~arekzai

Analyst

510-893-8205 cc G5Jll3

MAY.-04'99ITUE) 16:57 CHROMALAB, INC.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



1
1.
1.

P. 003

11010 ll:aeG4lIl.IIIIt. 111:22

Submission #: 9904340

TEL:510 484 1096

Project': ~0-46?-O~

\_~
J~Tam
Laboratory Director

0.022
N.D.
0.38

RESULT
(mg/L)

Matrix: WATER Extracted: April 30, 1999
Run#: 18592 Analyzed: May 4, 1999

REPORTING BLAlUt BLANK D:tLUTrON
LnaT UStJLT SP:IXE FACTOR

(mglLA (ELL) (%)

1220 Quarry Lane • Pleaaanton, Califomla 94566-4756
(925) 484-1919 • Facslmne (925) 484-1096

Federal 10 #68-0140157

EnvI/Cl'ImtIntaJ services (SDB}

May 4, 1999

Atten: Sam Brathwaite

CH2M HILL OAKLAND

project: PENN MINE
Received: April 26, 1999

re: One sample for Miscellaneous Metals analysis.
Metbod: EPA 30l0A/3050A/60l0A Nov ~990

Client Sample ID: W-2S
Spl#: 238136

Sampled: April 25, 1999

ANALYTE

arekzai.
Analyst

COPPER
IRON
ZINC

S~0-893-S205 ac: GIIlD

CHROMALAB, INC.
•

MAY.-04'99(TUEl16:57 CHROMALAB, INC.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



1
1
1

P.004

Submission #: 9904340

TEL:510 484 1096

Project#: 10-467-01

Laboratory Director

0.10
29
0.14

RESULT
{maIL)

Matrix: WATER Extracted: April 30, 1999
Run#: 18592 Analyzed: May 4, 1999

REPORT:tNG BLAlOt BLANlt D:tL'O'T:tON
LDttT RESULT SP:IltE FACTOR
(mg/L~ (mg/L) (%)

1220 Quarry Lane • Pleasanton. california 94566-4756
(925) 484-1919 • FaCSimile (925) 484-1096

Federal 10 #68-0140157

Envlrormsntal services (S08)

Atten: Sam Brathwaite

May 4, 1999

CH2M HILL OAKLAND

Client Sample ID: W-l
Spl#: 238137

Sampled: April 25, 1999

Project: PENN MINE
Received: April 26, 1999

re: One sample for Misoellaneous Metals analysis.
Method: EPA 3010A/3050A/601.0A Nov ~!)90

~YTE

510-893-8205 &e lI6Jl1S

CHROMALAB, INC.
•

COPER
IRON
ZINC

-s~-a-i--­
Analyst

MAY.-04'99IiUE) 16:58 CHROMALAB, INC.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



re: One sample for Miscellaneous Metals analysis.
Method: EPA 301.0A/30S0A/601.0A Novl990

1
l.
1

P. 005

WIG ll:CMas.lGla 11122

lOO
108
102

April 30, 1999
May 4, 1999

BLANlt DILUT:tON
SPIKE FACTOR
(\;)

10-467-01

Submiesion #: 9904340

TEL:510 484 1096

Project#:

0.11
0.76
0.84·

RESULT
(mq/L)

Matrix: WATER Extracted:
Run#: 18592 Analyzed:

REPORTXNG BLANK
L:nc::T RESULT

hgg/Ll bng/L)

1220 Quarry lane .. Pleasanton, California 94566-4756
(925) 484-1919 .. Facsimile (925) 484-1096

Federal 10 H68-o140157

CHROMALAB, INC.

EnvlronmetllaJ S8NIces (SOB)

Atten: Sam Brathwaite

CHROMALAB, INC.

CH2M HILL OAKLAND

May 4, 1.999

Project: PENN MINE
Received: April 26, 1999

C~ient Sample ID: W-5
spl#: 238138

Sampled: April 25, 1999

ANALYTE
COPPER
IRON
ZINC

afi Barekzai
Ancily~t

51.0-893-8205 GC 1IlIf03

=

I MAY. -04' 99ITUE) 1&' 58 -_-.---
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



20
20
20

P. 007

WID lI:lICl4CI5 .IlIHII&;z2

Submission #: 9904340

TEL:510 484 1096

0.10 N.D. 100
2.0 N.D. 108
0.20 N.D. 102

\A c~
~~ratory Director

Project#: lO-467-01

IlEStILT
(mq/L)

Matrix: WATER Extracted: April 30, 1999
Run#: l8592 Analyzed: May 4, 1999

RBPORTnfG BLANlt BLANK DILtrrJ:ON
LDUT RESULT SPI:Ia: PACTOR

(mg/L) (mg/L) (ft)

1220 Quarry Lane • Pleasanton. California 94566-4756
(925) 484-1919 • Facsimile (925) 4&4-1096

Federal ID #88-0140157

Enlllronmenla/ Servlces (SOB)

Atten: Sam Brathwaite

CHROMALAB, INC.

May 4, 1999

CH2M HILL OAKLAND

Project: PENN MINE
Received: April 26, ~999

re: One sample for Miscellaneous Metals analysis.
Method: EPA 301DA/30S0A/6010A Nov 1990

Client Sample ID: CJD!W-2
Spl#: 238140

Sampled: April 25, 1999

ANALY'1'E

51.0-893-8205 QC 8&103

&

MAY.-04'99ITUEI16:58 CHROMALAB, INC.

I
I
I
I
I
I
I·
I
I
I
I
I
I
I
I
I
I
I
I



P. 008

lIlI,a lI:GCll4lIS .-..5lZZ

Submission #: 9904340

TEL:510 484 1096

Project#: ~O-467-01

RESttLT
bOO'/Ll

Matrix: WATER Extra.cted: April 30, 1999
Run#: 18592 Analyzed: May 4, 1999

RBPORTDlG BLANK BLANlt DILUTION
L:tK:IT RBSO'LT SPIKE FACTOR.

<mglL) (m~L) (%)

1220 Quarry Lane • Pleasanton, caJlfomla 94566-4766
(92S) 484-1919 • Facsimile (925) 484-1096

FederallD M68w.Q140157

.CHROMALAB, INC.

Atten: Sam Brathwaite

envi~SeNlces (SOB)

May 4, 1999

CH2M HILL OAKLAND

Project: PENN MINE
Received: April 26, 1999

re: One sample for Miscellaneous Metals analysis.
Method: EPA 3alOAI305aA/60~OA Nov·~990

Client Sample ID: Cl!MW-3
Spl#~ 238141

Sampled: April 25, 1999

ANAL~
COPPER
IRON
ZINC

~ Barek~ai

Analyst

510-893-8205 cc lI5jIq

MAY. -04' 99(TUE) 16:58CHROMALAB, INC.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



,

1
1
1

j

P. 002

IIIIDO:DmIGIi JDIlIIIO:OI

S~ssion #: 99043~5

TEL:510 484 1096

Project#: 10-467-01

RESULT
(maIL)

Ma.trix: WATER Extracted: April 26, 1999
Run#: ~8502 Analyzed: April 27, 1999

REPORTJ:NG 13LANK BLANK DJ:LtJTJ;ON
LnaT RESULT SP:t1tE FACTOR

(mq/L) (mglL) (%,

1220 Ouarry Lane • Pleasanton. california 94566-4766
(926) 484-1919 • Facsimile (925) 484-1096

FedsrallO #68-0140157

Atten: Sam Brathwaite

En';l\ronrnenta1 se",iees (S09)

•
CHROMALAB, INC.

April 30, ~999

CH2M HILL OAKLAND

Client Sample ID: GS.;.7
Spl#: 237919

Sampled: April 22, ~999

Project: PENN MINE
Received: April 22, 1999

re: One sample for Miscellaneous Metals analysis.
Method: EPA 3010A/3050A/6010A Nov 1.990

ANALYTE
COPPER
IRON
ZINC

Shafi dtVI
Analyst

510-893-8205 DC D4aD

APR. -30' 99(FRI) 13:51 CHROMALAB, INC.I'
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



1
1
1

P. 003

Mala lIllll:04G5 Ja/t'llllll:lli

Submission #~ 9904315

TEL:510 484 1096

0.0050 N~D. 103
0.10 N.B 99 4
0.01 N. : 10~

project#: 10-467-01

j

0.017
0.15
0.043

RESULT
(maIL) .

Matrix: WATER Extracted: April 26, 1999
Run#: 18502 Analyzed: April 27, 1999

REPORTJ:NG BLANX BLANK DI:LOTJ:ON
LXMXT RESULT SPJ:KE FACTOR

Cmg/L) (mIL) Clk)

1220 Quarry Lane. Pleasanton, california 94566-4756
(926) 484-1919 • Facsimile (926) 484-1096

Federal 10 116S-0140167 . .

Atten: Sam Brathwaite

•
CHROMALAB, INC.

CH2M HILL OAKLAND

Client Sample IV: GSBA
Spl#: 237920

Sampled: April 22, 1999

Project: PENN MINE
Received: April 22, 1999

re: One sample for Miscellaneous Metals analysis.
Method: EPA 3010A/3D50A/6010A Nov 1990

Environmental Services (SOB)

April 30, 1999

COPPER
IRON
ZINC

ANALYTE

Shafi~
Analyst

510-893-8205 GC IMIIlI

APR.-30'99(FRII13:51 GHROMALAB, ING.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



j

510-893-8205 DC DA/3D
1220 Quarry Lane • Pleasanton, california 94566·4756

(925) 484·1919- Facsimile (926) 484·1096
Federal 10 #68-0140157

1
1
1

P. 001

Submi~sian #: 9904315

TEL:510 484 1096

0.0050 N.D. 103
0.10 N.D. 99.4
0.010 N.D. 106

~~na
Operations Manager

Project#: 10-4G7-01

RESULT
(mq/L)

Matrix: WATER Extracted: April 26, 1999
Run#: 18502 Analyzed: April 27, 1999

REPORTmG BLANK BLANK DILUTION
LIMIT RESULT SPIKE FACTOR

(mg/Ll (maIL) (\)

Atten: Sam Brathwaite

CHROMALAB, INC.
•

CH2M HILL OAKLAND

re: One sample for Miscellaneous Metals analysis.
Method: EPA 3010A/3050A/6D1DA Nov 1990

Client Sample In: GS14
SpI#: 237921

Sampled: April 22, 1999

Envl"",mental services (SOB)

April 30, 1999

Project: pENN MINE
Received: April 22, 1999

ANALYTE

Shaf1 Ba~~~
Analyst

COPPER
IRON
ZINC

APR. -30' 99lFRIl 13:51 CHROMA LAB, INC.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



20
20
20

.10 D:OaWllS JlIIIIll:22

Submission #: 9904340

._-- ..- ---- - _._--TEL:510 484 1096 P.009

0.10 N.D. 1.00
2.0 N.D. 108
0.20 N.D. 102

~~
Laboratory Director

Project#: 10-467-01

0.12
N.D.
17

RESULT
(mg/Ll

Matrix: WATER Extracted: April 30, 1999
Run#: 18592 Analyzed: May 4, 1999

REPOR.TING BLANK BLANK DILUTION
LJXI'1' RESULT SPIItE FACTOR

(mg/Ll (mq[L) (%)

'1220 Quarry Lane • Pleasanton. California 94566-4756
(925) 484·1919 • FaosJmlle (925) 484-1096

Federal 10 #68-0140157

Atten: Sam Brathwaite

CHROMALAB, INC.

CH2M RILL OAKLAND

EnllironmenlBl semcu (SOB)

May 4, 1999

ret One sample for Miscellaneous Metals analysis.
Method: EPA 30~OA/3050A/6010ANov 1990

Cli.ent Sample ID: GS4A
Spl#: 2381.42

sampled: April 25, 1999

Project: PENN MINE
Received: Apri~ 26, 1999

COPPR
IRON
ZlNC

510-893-8205 cc 16m

MAY.~04'99(TUEI 16:58 CHROMALAB, INC.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



re: One sample for Miscellaneous Metals analysis.
Method: EPA 3010A/30S0A/G010A Nov 1990

1220 Quarry Lane • Pleasanton. califOrnia 94566-4756
(925) 484·1919 • Facsimile (926) 484-1096

Federal 10 #68-0140157

20
20
20

P.010

illIG a:Dl:lMlII.lGItllW

10-467-01

Submission #: 9904340

TEL:510 484 1096

0.10 N.D. 100
2.0 N.D. 108
0.20 N.D. 102

)001~
Laboratory Director

Project#:

2.2
N.D.
47

RESULT
(mg/L)

Matrix: WATER Extracted: April 30, ~999

Run#: 18592 Analyzed: May 4, ~999

REPORTXNG BLANK BLANK DI:LUTI:ON
LDaT RESULT SPI:KE FACTOR

(mg/L) (mg/L) t\;)

CHROMALAB, INC.

Atten: Sam Brathwaite

CH2M HILL OAKLAND

EnvIronmeruai Servtces (SOB)

May 4, ~999

Project: PENN MINE
Received: April 26, 1999

Client Sample ID: WlD
Spl#: 238143

sampled: April 25, 1999

~YTE

510-8.93-8205 GC G5I03

COPER
IRON

~'SBarekZai
Analyst

CHROMALAB, INC.
•

MAY. -04' 99ITUE) 16:59

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



re: One sample for Miscellaneous Metals analysis.
Method. EPA 3Q~OA/30S0A/6010ANov 1990

CHROMALAB, INC.

1220 Quarry Lane • Pleasanton, CsIlfornla 94666-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

CH2M HILL OAKLAND

1
1
1

P. 011

IIDIO lI;DaIotlll JaHlll~

10-467-01

Submission #: 9904340

TEL:510 484 1096

0.0050 N.D. 100
0.10 N.D. 108
0.010 N.D. 102

bim--
Laboratory Director

Project/!:

.D.
N.D.
N.D.

RESULT
'rILl

Matrix: WATER Extracted: April 30, 1999
Run#: 18592 Analyzed: May 4, 1999

REPOR'.l':IN'G BLANK BLANK DILUTION'
LIMIT RESULT SPIKE PACTOR

(WiLl (mg/L) 111il

CHROMA LAB, INC.

EnvIronmenlal S8tvicss (SOB)

Atten: Sam Brathwaite

May 4, 1999

project: PENN MINE
Received: April 26, 1999

Client Sample ID: QC-2
Spl#: 238144

sampled: April 25, 1999

AN'ALYTE
COPPER
IRON
ZINC

g~i
Analyst

510-893 -8205 Ill: lI6nI'

MAY.-04'99(TUE) 16:59

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



re: One sample for Miscellaneous Metals analysis.
Method: EPA 30l0A/3050A/6010A Nov 1990

CHROMALAB, INC.

1220 Quarry Lane • Pleasanton, Oalifornia 94566-4756
(925) 484-1919 .. Facsimile (925) 484-1096

Federal 10 #68-0140157

20
20
20

P. 006

"IDltGI:IMOB ...... 1&:22

:1.0-467-01

Submission #: 9904340

TEL:510 484 1096

0.10 N.D. 100
2.0 N.D. 1.08
0.20 N.D. 102

~~.
Laboratory Director

Project#:

0.10
1.30
110

lU!:SUL'l'
(maIL)

Matrix: WATER Extracted: April 30, 1.99~

Run#: 18592 Analyzed: May', 1999

REPORTING BLANlt BLANlt DILtr.rroN
LLNXT RESUL~ SPIRE FACTOR

(mq/L) (mgLL) (%)

CHROMA LAB, . INC.

environmental Services (see) .

Atten: Sam Brathwaite

May 4, 1999

CH2M HILL OAKLAND

Client Sample ID: QC-l.
Spl#: 238139

Sampled: April 25, 1999

Project;: PENN MINE
Received: April 26, ~999

ANALYTE
COPPER
IRON
ZINC

510-893 -8,205 5C 0SIlJ3

2

MAY. -04' 99(TUEI 16:58

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



MAY. -04' 99\TUEl 07:26 CHROMA LAB, INC.r "
•

TEL:SIO 484 1096 P. 001

I CHROMALAB, INC.
Environnlenlal Servicas (SOB)

I May 3, 1999

I
CH2M HILL OAKLAND

Aeten: Sam Brathwaite

Submission #: 9904340

10
10
10

IIlI3D a:aJ:IIlIll6 JOIIIID::Io

Project#: 10-467-01

N.D.
N.D.
N.D.

RESULT
(mglL)

Matrix: WATER Extracted: April 30, 1999
Run#: 18576 Analyzed: April 30, 1999

REPORTlllG BLANX BLANIC DILUTION
LIMIT RESOLT SPIXE FACTOR

(x.g/L) hnq/L) ('J

1220 Quarry Lane· Pleasanton, California 94566·4756
(925) 484·1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

510-893-8205 Gt 1J6/D'3

ANALYTE
COPPER
IRON
ZINC

Chrieto~~
Analyst

Client Sample ID: W-2P
Bpl#: 238145

Sampled: April 25, 1999

Project: PENN MINE
Received: April 26, ~999

re: One sample for Soluble Miscellaneous Meeals with Mercury analysis.
Method: EPA 3005A/6010A/1410A Nov 1990

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



'v1AY. -04' 99 (T-UEI 07: 26 CHROMA LAB, INC.

I '
TEL:510 484 1096 P. 002

I CHROMALAB, INC.
[ EnulrmmentalSe~ (SOB)

IMay 3, 1999 Submission #: 9904340

I
CH2M HILL OAKLAND

Atten: Sam Brathwaite

10
10
10

NlIJG G:GaI4lJ5 JOHN '0::

0.050 N;D. 99.6
1.0 N.D. 113
0.10 N.D. 101

k~na
Operations Manager

Project#: 10-467-01

Matrix: WATER Extracted: April 30, 1999
Run#: 18576 Analyzed: April 30, 1999

REPORTING BLANK BLANlt DILUTION
L~T RESULT SPZKE FACTOR

(mq/L) (=gIL) (%)

1220 Quarry Lane· Pleasanton. california 94566-4756
(925) 484-1919 • Facsimile (925) 484·1Q96

Federal 10 168-0140157

510-893-8205 &C 1Ii1D3

ANALY'l'E

Christ~
Analyst:

Client Sample I1): W-2S
Spl#: 238146

Sampled: April 25, 1999

COPPER
IRON
ZINC

I Project: PENN MINE
Received: April 26, 1999

re; One sample for Soluble Miscellaneous Metals ~ith Mercury analysis.
Method: EPA 3005A/60~OA/?470ANov~990I

I
I
I
I
I
I
I
I
I
I
I
I
I



,Y. -04' 991TUEI 07: 27 CHROMA LAB, INC. TEL:S10 484 1096 P. 003

I CHROMALAB, INC.

I
s EnvlRlf'lll'lenlBJ SSNIcBs (SOB)

May 3, 1999

I CH2M HILL OAKLAND

Atten: Sam Brathwaite

Submission #: 9904340

I Project: PENN MINE
Received: April 26, 1999

Project#: 10-467-01

re: One sample for Soluble Miscellaneous Metals with Mercury analysis.
Method: EPA 30D5A/60~OA/7470A Nov ~990

'220 Quarry Lane • Pleasanton, California 94588-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #88-0140157

BLANK DILU'l'ION
SPIKE FACTOR
(\;)

10
10
10

MUD Q:QCD4116 JDHII 10:3

99.6
113
101

Extracted: April 30, 1999
~alyzed: April 3D, 1999

REPORTING BLANK
LDaT RBS'OLT

(mg/L) (1Ilg/L)
0.10
10
N.D.

RESULT
(mgIL)

Matrix: WATER
Run#: 18576

COPPER
IRON
ZINC

ANALYTE

Client Sample ID: W-1
Spl#: 238147

Sampled: April 25, 1999

Chri
Analyst

510-893 -8205 ac 1IS(lI3

I
I
I
I
I
I
I
I
I
I
I
I
I
I



,Y. -04' 991TUEI 07: 17 CHROMA LAB, INC. TEL:510 484 1096 P. 004

I CHROMALAB, INC.
a EnvirtInrnentDI Services (SCB)

IMay 3, 1999

·1 CH2M HILL OAKLAND

Atten: Sam Brathwaite

I Project: PENN MINE
Received: April 26, 1999

Submission #: 9904340

Project#: 10-467-01

re: One sample for Soluble Miscellaneous Metals with Mercury analysis.
Method: EPA 3DOSA/oDlOA/7470A Nov ~99D

I
I
I
I
I
I'
I
I 510-893 .. 8205 ac 115m

I
1220 Quarry Lane • Pleasanton, California 94566-4756

(925) 484-191 9 • Facsimile (925) 484-1096
Federal 10 4168-0140157

_ D:aCllolD$ JDIlIj 1D:J



MAY. -04' 99 (TUEI 07:27 CHROMA LAB, INC.

I
I CHROMALAB, INC.

EnvironrnenlBJ Services (SOB)

IMay 3, ~999
CH2M HILL OAKLAND

lAteen: Sam Brathwaite

I
Proj ect: PENN MINE

Received: April 26, 1999

TEL:510 484 1096

Submission #: 9904340

Project#: 10-467-01

P. 006

re: One sample for Soluble Miscellaneous Metals with Mercury analysis.
Method: EPA 3DD5A/6D10A/747DA Nov 1990

RESULT
(mq/L)
0.12
140·
120

I
Client Sample ID: CBMW-2

Spl#: 238152I Sampled: April 25, 1999

I ANALYTE
COPPER
IRON·I ZINC

I Chri
Analyst

Matrix: WATER Extracted: April 30,
Run#: 18576 Analyzed: April 30,

REPORTING BLANK BLANK
LIMIT RESULT SPIKE

(mqiL) (maIL) (\)
0.050 N.D. 99.6
1.0 N.D. 113
0.10 N.D. 101

~~
Operations Manager

1999
1999

DILUTION
FACTOR

10
10
10

I
I
I
I
I
I
I
I
I

510-893-82056C Il6/lI3
1220 Quarry Lane • Pleasanton, California 94566-4756

(925) 484-1919 • Facsimile (925) 484~1096
Federal 10 #68-0140157



M~Y.-04'99(TUE) 07:27 CHROMALAB, INC.

I
I CHROMALAB, INC.

TEL:SI0 484 1096 P. 007

EnvironmenlBl Servic:es (SDB)

IMay 3/ 1999

I
CH2M HILL OAKLAND

Atten: Sam Brathwaite

Submission #: 9904340

I
Project: PENN MINE

Received: April 26, 1999
Project#: lO-467-01

10
10
10

l\\li.1~~1 Verona
ations Manager

RESUIiT
(mg/L)
2.3
N.D.
39

Matrix: WATER Extracted: April 30, 1999
Run#: 18576 Analyzed: April 30, 1999

REPORTING BLANK BLANlC DILUTION
LDaT RESULT SPIKE FACTOR

(mq/L) (mq/L) (~)
0.050 N.D. 99.6
1.0 N.D. ll3
0.10 N.D. lOl

I ANALYTE
COPPER
IRON

I ZINC , ,,"

I Chri~k:Analyst

re: One sample for Soluble Miscellaneous Metals with Mercury analysis.I .Method: EPA 3005A/60J.OA/747DA Nov 199D

Client Sample ID: CBMW-3

I
spI#: 238~53

Sampled: April 25, 1999

I
I
I
I
I
I
I
I
I

510-893-8205 GC 115/03
1220 Quarry Lane • Pleasanton, California 94566-4756

(925) 484-1919 • Facsimile (925) 484-1096
Federal 10 '68-0140157

IIOSD O;llCIl'lOS JOIOl 111:34



Project: PENN MINE Project#: 10-467-01
Received: April 22, 1999

Ie: One sample for ~o--;::;;~Miscellaneous Metals with Mercury analysis.
Method: EPA 300SA/60~O~Nov ~990

1220 Quarry Lane • Pleasanton, california 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 1168-0140157

J.

APR,-30'99(FRII13:52 CHROMALAB, INC.

1
1
1

P, 004

IIllID lI:O£IICIlI JtIlIoIllI:O

101
112
99.8

BLANK D:ILtJT:ION
SP:IltE FACTOR
(%)

Extracted: April 26, 1999
Analyzed: April 26, 1999

Submission #: 9904315

TEL:510 484 1096

0.0050 0.0098
0.10 N.D.
0.0\ .N.D.

~kona
Operations Manager

REPORTDlG BLANK
LIMIT REStJL'1'

(mg/L) (mq/L)
37.
1.8
120

RESULT
(mg/L)

Matrix: WATER
Run#: 18484

El'lvironmantDI Services (SOB)

CHROMALAB, INC.

Atten: Sam Brathwaite

April 30, 1999

CH2M HILL OAKLAND

Client Sample ID: GS-7
Spl#: 237922

Sampled: April 22, 1999

ANALYTE
COPPER
IRON
ZINC

Chri.top~
Analyst

510-893-82058G 114/311

•

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



APR. -30' 991PRI) 13:52 CHROMA LAB, INC. TEL:510 484 1096 P. 005

=
CHROMALAB, INC.

Environmental Services (SOB)

Submission #: 9904315

c,H2M HILL OAKLAND

Atten: Sam Brathwaite

Project: PENN MINE
Received: April 22, 1999

Project#: 10-467-01

re: One sample for Soluble Miscellaneous Metals with Mercury analysis.
Method: EPA 3005A/fi010A'/1410A Nov 1990

1
1
J.

0.035
N.D.
0.084

RESULT
(mg/Ll

Matrix: WATER Extracted: April 26, 1999
Run#: 18484 Analyzed: April 26, 1999

REPORT:tNG BLANK BLAHlt DI:LOTI:ON
L:IHI:T RESULT SPIKE PACTOR

(maIL) (mg/L) ("

Client sample ID: GS8A
SpIN: 237923 .

Sampled: April 22, 1999

ANALYTE
COPPER
IRON
ZINC

Christ~~
Analyst .

J

510-893-8205 at CW/2ll
1220 Quarry lane • Pleasanton. California 94566-4756

(925) 484-1919 • Facsimile (925) 484-1096
Federal 10 #68-0140157

IIGl QCI:lMlI$ .IlIllIlltlll



P, 006

101 1
112 1
99.8 1.

BLANlt DILUTION
SPIKE FACTOR
(%)

Submission #: 9904315

Extracted: April 26, 1999
Analyzed: April 26, 1999

Operations Manager

TEL:510 484 1096

Project#: 10-467-01

REPOR.TING .. BLANX
LDaT RESULT

(mq/L) (mq/L)
41
46
140

RESULT
(mg/L)

Matrix: WATER
Run#: 18484

Environmental Services (SOB)

Atten: Sam Brathwaite

CHROMALAB, INC.

CH2M HILL OAl<LAND

1220 auarry Lane • Pleasanton, California 9456&-4756
(925) 484-1919 • facsimile (925) 484-01096

Federal 10 #68-0140157

April 30, 1999

Project: PENN MINE
Received: April 22, 1999

re: One sample for Soluble Miscellaneous Metals with Mercury analysis.
Method: EPA 3005A/6010A/74?OA Nov 1990

ANALYTE

Client sample ID: GS1.4
Spl#: 237924

Sampled: April 22, 1999

COPPER
IRON
ZINC

Christ~~
Analyst

510-893-8205 DC 1101/:11

APR,-30'99(FRI) 13:52 CHROMA LAB, INC.

&

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



SUbmission #: 9904340

TEL:510 484 1096 P.008MAY.-04'99(TUE) 07:27 CHROMALAB, INC.

I
I CHROMALAB, INC.
g

Enviranmental ServiceS (SOB)

I May 3, ~999

. CH.2M HILL OAICLAND

I Atten~ Sam Brathwaite

10
10
10

MdJII D:DCD405 JllIIN lD:J4

99.6
113
101.

BLANlt DILUTION
SPIKE FACTOR
(:t)

Extracted: April 30, 1999
Analyzed: April 30~ 1999

Project#: 10-467-01

0.15
N.D.
15

REStJ'LT
(mg/L)

Matrix: WATER
Run#: 185"76

1220 Quarry Lane • Pleasanton, California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 '68-0140157

ANALYTE

ChriS~
Analyst.

Client Sample ID: GS4A
Spl#! 238155 .

Sampled~ April 25, ~999

COPPER
IRON
ZINC

510-893-8205 &C lIIilD'

I
Projec:t: PENN MINE .

Received: April 26, 1999

re! One sample for Soluble Miscellaneous Metals with Mercury analysis.
Method~ EPA 300SA/GO~OA/7470ANov ~990I

I
I
I
I
I
I
I
I
I
I
I
I

I



Atcen: Sam Brathwaite

MAY. -04' 99(TUE) 07:28 CHROMA LAB, INC.

I
I CHROMALAB, INC.
a Enllironmenllll Services (SDB)

I May 3, 1999

CH2M HILL OA.KLAND

I

TEL:510 484 1096 P.009

Submission #: 9904340

10
10
10

110'0 G:GC1I4D6 JOHlllQ::14

DILUTION
FACTOR

1999
1999

Project#: . 10-467-01

RBS'tJLT
(mg/L)
2.:;
N.D.
48

Matrix: WATER Extracted: April 30,
Run#: 18576 Analyzed: April 30,

R.BPORT:ING BLANlt BLANX
L:IMI:T RESULT SPIKE

(mg/L) (mq/L) (%)
0.050 N.D. 99.6
1.0 N.D. 113
0.10\ N.D. 101

~~ona
Operations Manager

1220 Quarry Lane • Pleasanton, California 94566-4756
(925) 484-' 919 • Facsimile (925) 484·1096

Federal 10 #68-0140157

510-893-8205 lit GB/1l3

Christo~
Analyst

Project: PENN MINEI Received: April 26, 1999

re: One sample for Soluble Miseellaneous Metals with Mercury analysis.I Method: EPA 300SA/6020A/7470A Nov ~990

cl i en t Sampl e ID: W1D
. Spl#: 238156I Sampled: April 25, 1999

I ANALYTE
COPPER
IRON
ZINC

I
I
I
I
I
I
I
I
I
I
I



MAY. -04' 991TlJE) 07:27 CHROMALAB, INC.

I
TEL:510 484 1096 P. DOS

I CHROMALAB, INC.
a EnvironmentBl 5ervlcas (SDB)

I May 3, 1999

I
CH2M HILL OAKLAND

Atten: Sam Brathwaite

Submission #: 9904340

10
10
10

99.6
113
101.

April 30 1 1999
April 30 1 1.999

BLANK DILOTI:ON
SPIKE FACTOR
(%)

J"'-o~.".......,--
C ae erona

Operacions Manager

0.050 N.D.
1..0 N.D.
0.10 N.D.

Project#: 10-467-01

WATER Extracted:
18576 Analyzed:

REPORTING BLANK
LDfIT REStJLT

(mq/L) (mq/L)
0.14
150
1.20

REStl'LT
(maIL)

Matrix:
Run#:

1220 Quarry Lane • Pleasanton, Califomla 94566-4756
(925) 484-1919 • Facsimile (925) 484·1096

Federal 10 #68-0140157

510-893-8205 Ill: Q!iIlI3

Chria£~~~~{1d
Analyst

COPPER
IRON
ZINC

ANALY'1'E

C~ient: Sample ID: OC-1
Spl#: 238J.50

Sampled: April 25. 1999

I
Project: PENN MINE

Received: April 26 1 1999

re: One sample for Soluble Miscellaneous Metals with Mercury analysis.
Method: EPA 3005A/6010A/7470A Nov 1990I

I
I
I
I
I
I
I
I
I
I
I
I
I



Atten: Sam Brathwaite

Submission #: 9904340

TEL:S10 484 1096 P.010MAY. -04' 99(TUE) 07:28 CHROMA LAB, INC.

I
I CHROMALAB, INC.
a Environmental Services (SDB)

IMay 3, 1999

CH2M HILL OA!<LAND

I

10
10
lO

DJ:LUT~ON

FACTOR

1999
1999

10-467-01Project#:

RESULT
<mq/L)
0.057
N.D.
N.D.

Matrix: WATER Extracted: April 30,
Run#: 18576 Analyzed: April 30,

REPORTXNG BLANK BLANJC
LIMIT RESULT SP~EE

(mgLL) (mg/L) (t)
0.050 N.D. 99.6
1.0 N.D. 113
0.10 N.D. 10l

\ ka
~ations Manager

I ANALYTE
COPPER
IRON
ZINC

I ~#/

I
Christ~
Analyst

Project: PENN MINE
IReceived: April 26, 1999

re: One sample for Soluble Miscellaneous'Metals with Mercury analysis.I Method: EPA 3D05A/6(J~aA/7470A Nov 1990

Client Sample ID: OC-2
Spl#: 238157I Sampled: April 25 1 1999

I
I
I
I
I
I
I

510-893-8205 GC 0&103

I

I

1220 Quarry lane • Pleasanton. California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal ID #68-0140157

IIlr.ID ItQl:IJ4OS JDHlIlo-,34



P. 002

fAX (4550) lM·9D3
FAX (915) 988-9613
FAX (916) 921.0100
FAX (101) 702·0142
FAX (6S0) 232·9612

NO. 9176-P. 2

(6110)364~

(915)*-9C500
(916)921-9600
(7071 701-1865
(6S0) 2n·9600

TEL:510 484 1096

RacMOOd Clcy. CA~
w.l'll" CrtclC, CA M~8
sau~to. CA 95834'
Pal.llIIN. CA 9.954
Sat! <:aHas. CA ~070'''111

6fJQ ClleNpNILe Dt1~

404 N. W\8et ~1Ie
819 5IrI1Ier hcnue. 5ulle 8
1.55 1WIC0000001M:I. NQtlll.Sce. D
1551 l"dwtrl.1 !lo.d

7. 1999

Sequoia
Analytical

MAY.

MAY. -07' 99(PRII 08:22 CHROMA LAB, INC.
7: l3AM

I
-I

LABORATORY NARRATIVE

In order to properly interpret chis r«porc. it mue~ be reproduced in its entirety. This
report: conta.ins a total of 17 pages incl\uling the labora.t.ory narra.tive, sa.~le
results, quality concrol, and related documenes a, req~1:red (cover page, COC, raw daca,
etc.) .

I
I
I
I
I
I
I
I
IrauolA ANALYTICAL

•

[led:1;;v~

I



MAY.-07' 99lPRII 08:22 CHROMALAB. INC.
MAY. 7.1999 7: 13AM

TEL:510 484 1096
--NO. 9176- P. 3I

I(t)..,
I

Sequoia
Analytical

680~I)rM:

~N.~lAfte

819 Sit'" -'-'-. Sllire &
r.ssM~ &MI. NO/fll. ke, Cl
1551 INlllmlal Road

~ 01)'. c:A UOIS'
W.'1IUl Cleek,~ "598
S"uam...-. e.-. O"~·
l'ewlllN, CA 94954
S.n CMtar. CA 94070.4111

(6S0) )64'9000
(9Z5) 988-9'600
(5110) 513,1-9600
(707) 792-/865
{6S0) 232-9600

P. 003

FNC (650) lM-D13)
fAX (9ZS) 988·967)
fAX (916) Ul-O/OO
FAX (707)7112.0341
FAA (6S0) 2~2-9612

I Analyte

E'k8linlty: Bicarbonllte

r uttate

I
I
I
I
I
I
I
I

LABORATORY ANALYSIS

Units Detection Method Analyst Date S,unple
Umlt Analyzed Re&&llts

rng caC03/L 5.0 SM2320 MYL 05/03/99 350
mg/L 10 EPA 300.0 BE 04/30/89 1700

IBI~S rel)Oned ae N.D. WlJl8 n~t preY", abOI/O thl statld rimh of detection.

tQUOIA ANALYTI~AL : ELAP #1210

'LrL

I

PIeaa& Nota;

Thla eampll wei PINllllecI in accotdanc:e with EPA,p~ preSlll\lJltlon methods.

t



MAY. -07' 99(FRII 08:22 CHROMA LAB. INC.
MAY. 7. 1999 7:t3AM

TEL:510 484 1096
NO. 9176-P. 4

P. 004

Sequoia
Analytical

680 Qlesapealu! Drive
04 N. WIsa I..ane
.1' $trlker 1Nt.1r«. ~Ite I
1455 McOCNle~ aw North. Sle. D
US1 Il'IduJtrlal R~d

Redwood 0\)1. CA. 94063
Walnut CneeIl, CA ~S98

S.uAmellta. CA. 958)4,
/'tfaILlI'l\6, CA M954
111\ Callos, CA 94(l70~11 1

(650) 364-9CiOO
(915) D88.0600
(~6) 911-9600
l1O') 701·1865
(4150) 212-9600

fAJ( (650) 16'·9233
~('Z5108e-96'J
FAA (9161911 -0100
fAX (701) 792·0342
FAX (650) 232-961Z

LABORATORY ANALYSIS

UnitsI An,lyle

I Alkalinity: Blcarbo"ate
Sulfate

I
I
I
I
I
I
I
I

Detection
Umlt

mg CaC03/L 5.0
mg/l 1.D

Method

SM2320
EPA 300.0

Analyst

MYL
BE

Date
Analyzed

05/03/99
04/29/99

Sample
Relultl

260
180

l ..vtes "Pol'1tld as N.D. wure not preeen1 above Ihl! fltallld limit at dete~Ol\.
iEQUOJA ANALm~AL..... ElAP #1210

~ .<

I

PI'1lIA Noll:
Thlcumpl. wu prasen.eci in accordance with EPA appraved prelGrvation methOd..

Page; 2



MAY.-07'99(PRI) 08:22 CHROMALAB, INC.
MAY. 7.1999 7: 1JAM

TEL:510 484 1096
NO. 9176-P. 5I

I~
~

I

Sequoia
Analytical

680 O1Oo1pe.1ke Drtve
404 N. W1gl:t I..IN!
819 Sttlller Avenue. SuIre 8
1~5S McDowea t11vd. Norm. Ste. D
1551 Industrial Road

Redwood 01)'. CA~!
Wmnut Cleelr. CA 94598
SKrMM!llUl. CA 958)04·

petA!UIftiI, '" 94954
San carlos, CA g407D-41 11

(650) 36'o9CiOQ
(P25) 988-~
(9IlS) 91l-NOO
(707) 791·1865
(1550) 232-9600

P. 005

fAX (6501 164·91))
FAX(92S)9te.967)
r.t.J( (916) 921 ·0100
'~(?OT)792-0342
FAX (650) 232-9(112

LABORATORY ANALYSIS

mg CaC03/L 5.0
mg/L 1.0

I Analyte

F1lcallntty: Bicarbonate
ulfate

Units Detection
Umit

Method

8M 2320
EPA 300.0

Analyst

MYL
BE

Date
Analyzed

05/03/99
04/28/99

Sample
Resuh8

64
1.8

I
I
I
I
I
I
I
I
lalytall reported sa N.D. ""a,. "0' ptesent above the Atlltlld limit of Cloteetio.,.

P1eaa Nota:
This sampla wae prolervecf in llClCGrdance with ePA approved pre&e"'I1ion meIhDd&.

IoJeCt Manager

i"'EQUOIA ANALvnCAL • ELAP #1210

.. I..

·C:P-P/

I



MAY. -07' 99lFRIl 08:23 CHROMALAB, INC.
MAY. 7.1999 7: !JAM NO.9l?6- ·P. 6

TEL:510 484 1096

I
ICC
~

I

Sequoia
Analytical

l580 Oll:~ake Drive
.a4 N. WISC' L.Ine
819 5lrlker~e.~IC 8
M55 McDoweD aMI. NOrm. ~n:. 0
1551 IndUft~allcod

It2dwood 01). CA ~.a61

W.lllul c:r~k. CA 945518
S",cr'mt:nlD. CA lJ5~ •
Pauma. CA 9&95&
Sa" Catlos, c:A 94070..41 "

(650) 364-9600
('15) 988·9600
(~1'192H\600

(101) 702-1865
(650) 232-9600

P. 006

FAX (650) ~·913J
FAX(9~5)088·96'J

FAX (016) OZI.OIOO
JAX I'D') 79Z·0342
FAll (610) 232·9612

LABORATORY ANALYSIS

mg CaC03jL &.0
mg/L 1.0

I Anatyte

I Alkalinlty: Bicarbonate
Sulfate

I
I
I
I
I
I
I
I

Units Detection
Umil

Method

SM2320
EPA300.a

Analyst

MYL
BE

Date
Analyzed

05/03/99
04/29/99

Sample
Re.ults

66
20

lalyteo ~tted.. N.D. 'ltere not preSBflt above "'. lIlInld limit of detection.

• EQUOIA ANALYT~CA..L

;~L

I

- ELAP..,1210

PIll_sa Note:
this sample Wllti ptesetved In accardance witn EPA approved preeervalkln methDda.

4



MAY. -07' 99 IPRII 08: 23 CHROMALAB, INC.
MAY. 7.1999 7:14AM

TEL:510 484 1096

I
I~
.~

I

Sequoia
Analytical

680~Otlwe

4G4 N. WIse' UI\C
819 Strtker A1/~e.Sulre 8
1455 McDawl=l6lvd. Nordl. Sic. D
US1 IndUWifllload

Rl!!dvwood CIt7'. CA 9406J
Walnut Crftlr. CA 94598
S4CtMlI!IItD. CA 958i~ .
Per.lLIN. CA "954
S.11 CaMOS, CA 9407004111

(650) M'.06OO
(OlSl~B8·~

(916\ 02.1-9600
(70'1 79Z-1865
(650) 232·9600

P. 008

~[6501364-9Z33

~(1I1S1988.06'J

roc (gI41911.0100
'AX(~)'91'O~42

FA)( (650) 232·9612

LABORATORY ANAl..VSIS

I Analyle

I Alkalinity: BIcarbonate
Sulfate

I
I
I
I
I
I
I
I

Units Detection
Limit

mg caC03/L 5.0
mg/L 10

Method Analyst

SM2320 MYL
EPA 300,0 BE

Date
Anllyzed

OS!03fi$
04/30/99

Sample
Results

N.D.
1400

1n,l/YllS reponed Btl N.D. were "ot present at)ove the ~1lt8d litnit Of dll18Clion.

I

Please Note:
This semple wa,~ In acearel&llCle whtI EPA lI~proved preeervallon me1hcda.·

. Page: 6



MAY. -01' 99lFRIl 08:23 CHROMA LAB, INC.
MAY. 7. 1999 7: HAM

TEL:510 484 1096 P.009
-NO. 9I?S-P. g----

Sequoia
Analytical

680 CheJOlpeake Dtlvc
404 N. Wlget we
Gig Striker Aot-.. Suire e
1455N1cD_~ IllllG. North. ~ce. D
1551 Industrial Road

bdwaod 0IY. CA ~0W6l

WalNlt Cteell. a. '4598
$oi.cI6menoo. CA 95834 •
~IU/N, CA 9.&954
btl C~r10(. CA 94070.-4 t 11

(650) )6&·9600
lOIS) 988·9600
(916'1921-9600
(1071 ?QZ·I86!i
(6SO) 232-51600

~16SOl364·9Zl3

r~I'ZS)988-9673'Nt (916l9ZI-0tOO
fAX(707J 702-0342
FAX (6$0) 232-9612

LABORATORY ANALYSIS

UnitsI Analyte

~'ka\l"ityi Bicarbonater un•1e

I
I
I
I
I
I
I
I

Detection
Limit

mg CaC03/L 5.0
maIL 100

Method

SM2320
EPA 300.0

Analyst

MYL
BE

Date
Analyzed

05/03/99
04/3lJ/99

Sampl,
Results

61
3600

Ilytes repoltod as N.D. were tlOt preseM Gbovo tha atatlld "mlt of detection.

Please Note:
This SImple was pronMld in IICCCI'danca wi1h EPA approv8G ~lIOrvalio" methods.

-.

I
7



MAY.-07' 99lFRIl 08:24 CHROMALAB, [NC.
MAY. 7. [999 7: IHM

TEL:510 484 1096 P.OI0
NO.917r-p. 10---I

I~..,
I

Sequoia
Analytical

6&O~DrIlle
404 N. Wtaet Ylle
"9 Slfl..... /weNJe.l.Il.~ 8
1455 ~Ooweq Illvel. NOr.". ~fe. D
US 1 l"du5tn.1 Road

RWood Clly. CA \\4063
WalN1t Creel(. CA 9450B
~_. CJ\o 95834'
PetalUIft&. 01 949S~

S~I\ "riot, CA llo407O-dl11

t6SO) 144-9600
19151988-0600
(91619ZI-!MSOO
(107) 792-1865
(650) 2]2-9600

FA)( (6S013M-9ll)
FAXr9~SI988·N'13

fAX (916) 9~I·OIOO
~(707)79%-0342

FAX (650) 232·9cl12

LABORATORY ANALYSIS

UnitsI Analyte

I Alkllllnlty: Bicarbonate
Sulfate

Detection
Umlt

mg CaC03/L 5.0
"'9/L 10

Method

8M 2320
EPA 300.0

Analysl

MYl
BE

Date
Anetyua

05/03/99
04/30/99

Sa/ftpte
Results

110
2100

I
I
I
I
I
I
I
I
I,,~,& ~portDd GO N.C. WIlle not ~re..nt Ilbol/Cll the StataClliml1 or cretection.

"PaQ8:

Please NOUt:
This ample ld.Il Pl1lS8tvtClIn 8CCOrCIIlc:e with EPA approved pl1lselWllon mothOCls.

IoJeet Manager

IEQUOIA ANALVTIC~L,. ELAP #12'0

~,c

I



TEL:510 484 1096 P. 011

NO. 9176 P. II

I~
I

680 cnaapr:~Dr~
~ N. Wlgr:t WM
8'9 SO'lket Ave....e. 51l1lCl 8
1455 McOowoIl 8\'\04. NOrth. Sre. D
1s.s1 Indwlr,OI Road

ltedwoad City. CA P406!l
WAINJI Ooek. CA "508
$acr_I\IG. 0. 9Se.M·
Pct.aluma. CA 949$4
Sa" CUI01, CA P4070..... 111

(650) 364-9600
(915) I'M-MOo
(0I619ZI-0600
(101) 7Ql·186S
(UO) 232·9600

FAX !6SoCl) )64-9231
FAX (915)968-9673
fAX (916) 921·0100
~t'07)792'0341

~AX (650) 212·P"2

Sample
Resulta

Date
Analyzed

AnalyStMethOdDetection
limit

LABORATORY ANALYSIS

Units

~r.fllln~!!iif.~III~!lJj~~!IllII!!!!!!!=f,r,"'lm?!!1lll!m!!llmll1rev??~~~""._, ~rii!i=I!I!I!!!!!§!jIlolji!i!!!!!!!!!ll","!g?!lI1rr_. I!!1if.JI~.'D~IatlDl ,,::~l ,....C't:.nfuJ~=:::~~~rJuU1Il3la~~- _. IUD ~;:~=::::::~limnlUmU\UI~Jbla;t111ms

I ~ Cnromalab, Inc. Client Proj. 0: 9904340 Sampled: 04/25/99 llJ
~ t220 Quarry Lane Received: 04/27;ea ~
~ Pleasanton. CA 94566 Lab Proj. 10: 9904Ae4-09 Analyzetj; see below ;Jj
ill Sample Oescript: UQUJD.W, 0 ~I ~~;n\m~~,,~r~l~~!::iH3milIl\PJli!IIr.t';llli5i!A~.~mm!I!Bl~r.'Ir~T.~~rli~~~i~.Tii~

I An_lyle

I
Alkall"lty: Bi~onate
Sulfate

mg CaC03jL 5.0
rng/L 10

SM2320
EPA 300.0

MYL
BE

05/03/99
04/30/IB

37
1900

I
I
I
I
I
I
I
I
Ilyles r8POr'Wd &I N.C. were not present abow tn. ltaled "mit of detlletion.

Pleass !'Ilot8; .
ThlslIlIrnple was preserved In ac:=rdance vAth &itA apPfOved PftsGNBtlon methods

fQUOIA ANALvn~L •,E1JIF' #1210

Lfr...-::. .. ylect Manager ..

I



MAY.-07' 99(PRI) 08:23 CHROMALAB, INC.
MAr 1 1999 7:14AM

TEL:510 484 1096 P.007
NO. 9176 P. 7I

I~...,
I

Sequoia
Analytical

680 ClIesapme onlle
40A N. Wl8d L.ane
BIg SUlker Avulue. SuIu! 8
1455 Mc:DoweU Blvd. North. 5111. l)

1551 Industrial I«Jld

Aad~ CIty, CA 94063
Walnut Creek. CA 94598
Solcr..mel'lfA. CA 95834'
Peraluma, CA 9ot954
Sail Carlos. CA 90407Q..., 11

(650) 364·9600
(G2S) 988-91600
(9161021.9600
(707)792-1865
(650) 232-9600

FAX (6SO} 16£·9133
~(91S)98B·96'~

'AolC (016) 011·0100
. fAX (707) 79J.0341

FAX (650) 232·g612

LABORATORY ANALYSIS

I Analyte

I Allalllnlty; Biearbonate
Sulfate

I
I
I
I
I
I
I
I

Units Detection
Urnit

mg CaC03/L S.O
mg/L 10

Method Analyst

SM2320 MYL
EPA3aG.O BE

Opte
Analyzed

05/03/99
04/30/99

Sample
ResuJta

N.D.
1400

L,Vl&S reported IS N.D. were nat present above ,he aUlteCl limit ot detsetiOfl.

iEQUOIA ANALYTI~AL • ELAP ""210

L'J "

I

Plllue NatIi:
Thle 118mI'll was pr.catlled In aecorclanal witt! EPA approved preHIVaflon mothacla.

Page:



P. 012

]

P. 12

'-'X /650) )64.9233
fAX(9t5)Oea-Sl6n
,/IX (916) 921 -0100
'AX ('07) 792-0141
FAX (6$0) 232-9I1iU

NO. 9176

RepOrted: May 5. 1999

(650) )64.96CO
/925) 098·9600
(916) 9ll-9600
(7071 )9Z·1865
(II~O) U2-9600

TEL:510 484 1096

a.dwooct City. CA 94063
Walnut creel/, '" lWS91l
SIlC1~C11IO. CA 9583' .
Pcto1lurrw. CA 9.9S"
San CMI01. CA 940700.' I I

Client Project 10; 9904340

QC Sample Group: 9904A64-01 tnru..()9

QUALI1Y CONTROL DATA RaPORT

680 CheYPellU Drive
404 N. Wlp L/lne
819 SUllie.A~. Su'~ 8
1455 MtOoweb BhIel. NClrm. 5r~ 0
H~' Industrial llald

S5
100

160
101

~o

100

200

3.9

0·20

160
'O~

513199
5/3199

FlA

Alkalinity

9904A63·1
513199
5I3J99

FIA

M8trllt: Uquid
Method: EPA 310.2
Analyst: M.Lavrenko

Sequoia
Analytical

ANALV1'E

QO Bate:h Ill: IN05039931D2FIA

LCS Batet\i#: LCS050399

Sam~le No.:
Date Prepared:
Date Al\alyzed:

Instrument 1.0.#:

Date Prepared:
Date Analyzed:

Inetrumenll.D.#:

Percent Recovery Control Limim:

MatrIx Soike. mg11.:
% Recovery:

RPD Controll.imils:

Chrornalab. Inc.
1220 Quany Lane
Pleasanlon, CA 94566
Atlention: Ken Wrlght

elatlve "k OiHerence:

Sample Cone., mg11.:
Cone. Spiked. mglL:

Matrh[
pike Duplicate, ,"gIL;

% Recovery:

Cone. Spiked. mgIL:

LCS Recovery, rng/L:
LCS %RecOlll!!ry:

MAY. -07' 99(FRI) 08:24 CHROMALAB, INC.
MAY. 7.1999 7: 15AM

I SEQUOIA ANA:VTlCA~

I ~~I~==r
I

[
MSIIo4SO 75-1 U

I . LCS '0.'20

Quality Assurance Statement All standard !'itt" pro~ures and quail contral requiremenls have been meL
PlaaGe Hare;

The Ioes IS B ClIInIroI UmpIe D' tJIOWn. 1rtIerf-'l1 ,.. I\'lBtrtx lII;al il Il\lIIylcd \laina ltie Sill!lt cea~nll.
jIIllD8~ lIftd~ 11llltllM& llmptoyed'ot l:lIe IQJIlIpIe.s. TIle IlIalIt. Iplke 11111 s5Quo1 of aampIt

. ",1111 IIMoiftI q\lll\liliel or tpCdlicCIlft\PO\IndS IIIId IlIbJedad III Ilia .nlirvanalwlicll procedure. If

~ rec:ovelY alllll6lyleS fIOIlI'lle malrill•• CICIII nlll It" wlulln apeciIIed CiOIIIIOI rllftlll CI"fl lD maIlIx
in\elferellCe. DIll LCS IS 10 tllt uaed III VlIftda18 Ihe 0ICclI.

I
I
I
I
I
I
I
I
I

I

I
I~
~

I
I
I



I
MAY.-OT99IPRII08:24 CHROMALAB, INC.

MAt l \999 7:15AM

TEL:510 484 1096

NO. 9176

P. 013

P. 13

I CC Sequoia 680 Che-.peake Of"'\!: ~ CIl)'.CA 9406) (6$0) 36-4·P600 fAX (650) )66-9~3)
404 N. WIser lAne w.lnut Cree'" CA 94598 (OU) 98&-9600 fAX [91S) 98&-9673

Analytical 819 Strike, lIvetlUe. Suite 8 SoIcrlllfll!!nto. CA 9S8l-l . (016) 921-9000 fAX (OUI) 01'-0100

.." 1455 McDo_n Bl~ N""h. $el:. C I'cralunw.. CA 94954 (7tJ7179Z.186S '~(7071 19Z-03.Z
U51 Industrial Road S~" Qlrlos. CA 9~0~...41 '1 (650) 232-lIdOO FAX (650) 232-.11612

I
Clienl ProjElCt (0; 9904340Chromalab, Ine.

I
'220 Quarry Lane
Pleasanton, CA 94566
Attention: Ken Wright QC Sample Group: 9904A64-Q1 thru-oS Reported: May S. 1999

I QUAl.ITY CONTROL DATA REPORT

Matril(: Liauid

I
Method: EPA 300.0
Analyse Be

ANALYTE FluorIde Chloride Nitrite . Bromide Nitrate PhosChate Sl,Ilrate

I QC Batch *: IN0430993000ACA

Sall1ple No.: 9904A!Ei-1C
Data Prepared: 4130J99 4/30/99 4130199 4130199 4130199 4J30199 4130199

I Date Analyzed: 4130199 4130199 4/30199 4130199 4J3OI9a 4130199 4130199
'nstrument 1.0.#: INAC1 INAC1 lNAC1 . INAC1 INAC1 INAC1 INAC1

Sample Cone•• mgIL: N.D. 180 40' N.D. 520 56 120

I Cone. SPiked, mg/L: 1000 1000 tOOO 1000 1000 1000 1000

Matrix Spike, mglL: '000 1100 970 920 1500 930 1000
~. Recollery: 100.0 92 93 92 98 87 as

I M~trb:

Spike Duplicate, mg/L: .1000 "00 960 910 1500 920 980
'" RecDvery: 100.0 92 92 91 9$ 86 85

I Relatlve % Oifferanc~: 0.0 0.0 1.1 1.1 0.0 1.2 2.3

I RPO Convol L.lmlts: 0-20 0-20 ().2Q 0-20 0-20 ().~ 0-20

I
lOS BalCh.: LCS0430993000ACA

Date Prepared: 4130/99 4)30199 4J30J99 4130199 4130199 4130199 4130199
Date Analyzed: 4/30/99 4130199 4130199 4130199 ~ 4/30199 41'30/99

Ihstrument I.D.#: INAC1 INACl INAC1 INAC1 INAC1 INAC1 INAC,

I Cone. Spiked. mg1L: 10 10 10 10 1Q 10 10

LCS Recovery, mgtL: " 9.7 '0,0 9.S 9.8 9.5 9.8

I LCS '4 Recovery: 109 97 100.0 95 98 95 98

Percent Recove~ Control Lin'lits:
..,SJMSD 7$-125 75-125 75-'~ 7$-125 7$0125 75.125 76-12$

I l,CS llOo110 10-110 80·'10 to·110 10.1'0 10-110 80·"D

Quality AS6u~nce Statement: All standard operating procedures and quality eontrtil requiremems have bee" mel.
Pieutl NIrie:

I SEQUOIA ANALYTICAL.
TIlI1 I.CS i, • -1t011MIII" af kllOWft,lt\1IIrfclrent "" ma~ lI'oe\ iI anaI)'zed loOiIlIllhe SIIIlIe reaoents.

'''l1Ilio11, and af\llyllQllllI!lholIa tmjllDylO lDr I!Ie 1lIIIIPl4I. 11Iemtllilc _.1s In llIqUOlllf IIIJflIPIt

r ... IOrtirltd .-rlh knlliWll qlllftlille5 oIlped11C COl1paim4IJ lind IlJIlfRIIll to the CllIIrtI MlIytjc:aI~ If
Ill.~af ltIe!yle. rrorn Ihc M8lI1X Sllilla dOCI not rau wltl\1I\ iP1Dfietf CllIltrOlllmlllltlle Ia IIlIIIIJ'Ix

I~ !nt.ef(e.rtl\ClI!. lIIe LCS teeIMN is \1) be 11* lA willillatt~ beltll.

Proj ana r

I
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Sequoia
Analytical

680 Chesapeake Drive
404 N. W1get lane
819 Striker Avenue. Suite 8
1455 McDowell Blvd. North. Ste. D
1551 Industrial Road

Redwood City. CA 94063
Walnut Creek. CA 94598
Sacramento. CA 95834 .
Petaluma. CA 94954
San Carlos, CA 94070-4111

(650) 364-9600
(925) 988-9600
(916) 921-9600
(707) 792-1865
(650) 232-9600

FAX (650) 364-9233
FAX (92S) 988-9673
FAX (916) 921-0100
FAX (707) 792-0342
FAX (650) 232-9612

111 Chromalab, Inc.
~11220 Quarry Lane
~ Pleasanton, CA 94566
,; Attention: Ken Wri ht

I

Lab Proj. 10: 990497gJ

LABORATORY NARRATIVE

Recewed:04/24/99

Reported: 05/05/99

I
,I
I
I
I
I
I
I
I
I
I

In order to properly interpret this report, it must be reproduced in its entirety. This
report contains a total of ~ pages including the laboratory narrative, sample
results, quality control, and related documents as required (cover page, cae, raw data,
etc.) .

lEQUOIA ANALYTICAL

I .
Page: 1
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Sequoia

Analytical

680 Chesapeake Drive
404 N. Wlget Lane
819 Striker Avenue. Suite 8
14S5 McDowell Blvd. North. Ste. D
1551 Industrial Road

Redwood City. CA 94063
Walnut Creek. CA 94598
Sacramento. CA 95834 .
Petaluma. CA 94954
5an Carlos, CA 94070-4111

(650) 364-9600
(925) 988·9600
(916) 921-9600
(707) 792·1865
(650) 232-9600

FAX (650) 364·9233
FAX (925) 988-9673
FAX (916) 921-0100
FAX (707) 792-0342
FAX (650) 232-9612

:::
Hi
:::
:.::

Sampled: 04 22/99
Received: 04/24/99
Analyzed: see below iii

LABORATORY ANALYSIS

Client Proj. 10: 45676

Lab Proj. 10: 9904979-01
Sample Oescript: L1QUI0,GS-7

Ken Wrj htAttention:

di Chromalab. Inc.
f~ 1220 Quarry Lane
i Pleasanton, CA 94566

I
Analyte

I .
Alkalinity: Bicarbonate

r"lfate

Units Detection
Limit

mg CaC03/L 5.0
mg/L 10

Method Analyst

SM2320 MYL
EPA 300.0 BE

Date
Analyzed

04/30/99
04/29/99

Sample
Results

N.D.
3000

I
I
I
I
I
I
I
I
I

Analytes reported as N.D. were not present above the stated limit of detection.

IEQUOIA ANALYTICAL . ELAP #1210

Please Note:
This sample was preserved in accordance with EPA approved preservation methods.

Page:
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Sequoia

Analytical

680 Chesapeake Drive
404 N. Wiget Lane
819 Striker Avenue. Suite 8
1455 McDowell Blvd. North. Ste. D
1551 Industrial Road

Redwood City. CA 94063
Walnut Creek. CA 94598
Sacramento. CA 95834 .
Petaluma. CA 94954
San Carlos, CA 94070-4111

(650) 364-9600
(925) 988-9600
(916) 921-9600
(707) 792-1865
(650) 232-9600

FAX (650) 364-9233
FAX (925) 988-9673
FAX (916) 921-0100
FAX (707) 792-0342
FAX (650) 232-9612

Attention:

I
Ken Wri ht

LABORATORY ANALYSIS'

.An.lyle

Alkalinity: Bicarbonate
IUlfate

I
I
I
I
I
I
I
I
I

Units Detection
Limit

mg CaC03/L 5.0
mg/L 1.0

Method Analyst

SM 2320 MYL
EPA 300.0 BE

Date
Analyzed

04/30/99
04/28/99

Sample
Results

37
200

~alytes reported as N.D. were not present above the stated limit of detection.

IEQUOIA ANALYTICAL - ELAP #1210

Please Note:
This sample was preserved in accordance with EPA approved preservation methods.

Page: 2



leu•.,.-,
Sequoia

Analytical

680 Chesapeake Drive
404 N. Wiget Lane
819 Striker Avenue. Suite 8
1455 McDowell Blvd. North. Ste. D
1551 Industrial Road

Redwood City. CA 94063
Walnut Creek, CA 94598
Sacramento. CA 95834 .
Petaluma, CA 94954
San Carlos, CA 94070-4111

(650) 364-9600
(925) 988-9600
(916)921-9600
(707) 792-1865
(650) 232-9600

FAX (650) 364-9233
FAX (925) 988-9673
FAX (916) 921-0100
FAX (707) 792-0342
FAX (650) 232-9612

ampled: 04/22/99
Received: 04/24/99
Analyzed: see below m

Client Proj. 10: 45676

Lab Proj. 10: 9904979-03
SampleDescript: UQUI0,GS-14

Ken Wri ht

iii Chromalab, Inc.
m1220 Quarry Lane
.~~ Pleasanton, CA 94566.

ii Attention:

I LABORATORY ANALYSIS

Analyte

• Alkalinity: Bicarbonate
Sulfate

I

Units Detection
Limit

mg CaC03/L 5.0
mg/L 100

Method Analyst

SM 2320 MYL
EPA 300.0 BE

Date
Analyzed

04/30/99
04/30/99

Sample
Results

47
3400

I
I
I
I
I
I
I
I
I

Analytes reported as N.D. were not present above the stated limit of detection.

IEQUOIA ANALYTICAL - ELAP #1210

•~
Project Manager

I

Please Note:
This sample was preserved in accordance with EPA approved preservation methods.

Page: 3
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Sequoia
Analytical

680 Chesapeake Drive
404 N. Wlget Lane
819 Striker Avenue. Suite 8
1455 McDowell Blvd. North. Ste. 0
1551 Industrial Road

Redwood City, CA 94063
Walnut Creek. CA 94598
Sacramento. CA 95834 .
Petaluma. CA 94954
San Carlos, CA 94070-4111

(650) 364-9600
(925) 988-9600
(916) 921-9600
(707) 792·1865
(650) 232·9600

FAX (650) 364-9233
FAX (925) 988-9673
FAX (916) 921-0100
FAX (707) 792-0342
FAX (650) 232-9612

I
I

Chromalab, Inc.
1220 Quarry Lane
Pleasanton, CA 94566
Attention: Ken Wright

Client Project 10: 45676

ac Sample Group: 9904979-01 thru -03

QUALITY CONTROL DATA REPORT

Reported: May 5, 1999

ANALYTE Alkalinity

QC Batch #: IN0430993102FIA

Matrix: Liquid
Method: EPA 310.2
Analyst: M.Lavrenko

LCS Batch#: LCS043099

I
I
I
I
I
I
I
I
I
I
I

Sample No.:
Date Prepared:
Date Analyzed:

Instrument 1.0.#:

Sample Cone., mg/L:
Cone. Spiked, mg/L:

Matrix Spike, mg/L:
% Recovery:

Matrix
pike Duplicate, mg/L:

% Recovery:

elative % Difference:

RPD Control Limits:

Date Prepared:
Date Analyzed:

Instrument 1.0.#:

Cone. Spiked, mg/L:

LCS Recovery, mg/L:
LCS % Recovery:

9904979-1
4/30/99
4/30/99

FIA

50

26
51

33
65

24

0-20

4/30/99
4/30/99

FIA

200

200
102

Percent Recovery Control Limits:

I 1 M_S_/M__S_D 7__S-__12;;..S _
. LCS 80·120

SEQUOIA ANALYTICAL

K~~'
Project Matl~er

I
I
I

Quality Assurance Statement: All standard operating procedures and quality control requirements have been met.
Please Note:

The LCS is a control sample of known, interferent free matrix that is analyzed using the same reagents,
preparation, and analytical methods employed for the samples. The matrix spike is an aliquot of sample
fortified with known quantities of specific compounds and SUbjected to the entire analylical procedure. If

the recovery of analytes from the matrix spike does nol fall within specified control limits due to matrix
inlerference, the LCS recovery is to be used to validate the batch.
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Sequoia
Analytical

680 Chesapeake Drive
404 N. Wiget lane
819 Striker Avenue. Suite 8
1455 McDowell Blvd. North. Ste. D
1551 Industrial Road

Redwood City. CA 94063
Walnut Creek, CA 94598
Sacramento. CA 95834 .
Petaluma. CA 94954
San Carlos, CA 94070-4111

(650) 364-9600
(925) 988-9600
(916) 921-9600
(707) 792-1865
(650) 232-9600

FAX (650) 364-9233
FAX (925) 988-9673
FAX (916) 921-0100
FAX (707) 792-0342
FAX (650) 232-9612

I
I

Chromalab, Inc.
1220 Quarry Lane
Pleasanton, CA 94566
Attention: Ken Wright

Client Project 10: 45676

ac Sample Group: 9904979-01 thru -03

QUALITY CONTROL DATA REPORT

Reported: May 5, 1999

4/29/99 4/29/99 4/29/99 4/29/99 4/29/99
4/29199 4129199 4129/99 4129199 4/29/99
INAC1 INAC1 INAC1 INAC1 INAC1

N.D. N.D. N.D. N.D. 3000
1000 1000 1000 1000 1000

950 900 910 680 4200
95 90 91 68 120

950 900 920 710 4300
95 90 92 71 130

0.0 0.0 1.1 4.3 8.0

0-20 0-20 0-20 0-20 0-20

I
I
I
I
I
I
I
I

Matrix: Liquid
Method: EPA 300.0
Analyst: BE

ANALYTE Fluoride Chloride

QC Batch #: IN0429993000ACB

Sample No.: .9904979-1 A
Date Prepared: 4/29/99 4/29/99
Date Analyzed: 4/29/99 4/29/99

Instrument 1.0.#: INAC1 INAC1

Sample Cone., mg/L: 5.1 60
Cone. Spiked, mg/L: 1000 1000

Matrix Spike, mg/L: 1000 910
% Recovery: 99 85

Matrix
Spike Duplicate, mg/L: 1000 920

% Recovery: 99 86

Relative % Difference: 0.0 1.2

RPD Control Limits: 0-20 0-20

Nitrite Bromide Nitrate Phosphate Sulfate

I
I
I
I
I
I
I

LCS Bateh#: LCS0430993000ACB

Date Prepared: 4/29199 4/29/99 4129/99 4/29/99 4/29/99 4/29/99 4/29/99
Date Analyzed: 4129199 4129/99 4129199 4129199 4/29199 4129199 4/29199

Instrument 1.0.#: INAC1 INAC1 INAC1 INAC1 INAC1 INAC1 INAC1

Cone. Spiked, mg/L: 10 10 10 10 10 10 10

LeS Recovery. mg/L: 10.0 9.1 9.5 9.0 9.1 8.4 9.1
LCS % Recovery: 100.0 91 95 90 91 84 91

Percent Recovery Control Limits:
MSIMSD 75-125 75-125 75-125 75-125 75-125 75-125 75-125
lCS 90-110 90-110 90-110 90-110 90-110 90-110 90-110

Quality Assurance Statement All standard operating procedures and quality control requirements have been met.
Please Note:

The lCS is a control sample of known, Interferent free matrix that is analyzed using lhe same reagents,
SEQUOIA ANALYTICAL preparalion, and analytical methods employed for the samples. The matrix spike is an aliquol of sample

fortified with known quanlilies of specific compounds and SUbjected to the entire analytical procedure. If

the recovery of analytes from the matrix spike does not fall within specified control limits due to matrix
interference, the lCS recoverv is to be used to validate the batch.
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Confirmation Samples



CHROMALAB, INC.
Environmental Services (SOB)

May 3, 1999 Submission #: 9904346

re: 4 samples for PERCENTAGE MOISTURE analysis.
Method: EPA SW846 8000

1220 Quarry Lane • Pleasanton, California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

Atten: SAM BRATHWAITE

6.0
5.2
18.4
9:2

0011 O:llC0405 LUlU 11:00

May 3, 1999
May 3, 1999

BLANK DILUTION %
SPIKE FACTOR MOIS

(%) TORE

144069.08.52

Extracted:
Analyzed:

BLANK
RESULT

(%)

Jc~~~~,.
Operations Manager

Project#:

6.02 0.1
5.19 0.1
18.4 0.1
9.15 0.1

Matrix: SOLID
Run#: . 18618

DRY WEIGHT REPORTING
PERCENT MOISTURE LIMIT

(%) (%)

Sampled: April 25, 1999

Project: PENN MINE
Received: April 26, 1999

239161 HK-C3
239163 HK-C5
239164 HK-C8
239166 HK-C10

Spl# CLIENT SPL ID

Linda Atienza
Analyst

510-893-8205 Be 05108

I CH2M HILL OAKLAND

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



1220 Quarry Lane • Pleasanton, California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

Extracted: May 3, 1999
Analyzed: May 3, 1999

£035 0:QC040S ww 18:48

BLANK DILUTION
SPIKE FACTOR

(%)

144069.08.52

7.01
7.01
7.01
7.01

BLANK
RESULT

(Units)

Submission #: 9904346

~~\A .. 00rI .. tJ. ,
Micnaelv~­
Operations Manager

Project#:

1-14
1-14
1-14
1-14

REPORTING
LIMIT

(Units)
3.15
3.34
2.73
3.36

pH
(Units)

Matrix: SOIL
Run#: 18615

Environmental Services (SOB)

Atten: SAM BRATHWAITE

Sampled: April 25, 1999

238189 HK-C3
238191 HK-C5
238194 HK-C8
238196 HK-C10

Sp1# CLIENT SPL ID

I .CHROMALAB, INC.
I-

May 3, 1999

I CH2M HILL OAKLAND

I
Project: PENN MINEI Received: April 26, 1999

re: 4 samples for pH analysis.
Method: 9040/9045

I
I
I
I
~I Linda AtienzaI Analyst

I
I
I
I
I
I

I 510-893-8205 GC 05/08

I



re: One sample for Miscellaneous Metals analysis.
Method: EPA3010A/3050A/6010A Nov 1990

1220 Quarry Lane • Pleasanton, California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

100
100
100
100
100
100

11010 O:QC0405 JDHII 15:04

106
95.7
100
107
95.1
97.2

BLANK DILUTION
SPIKE FACTOR
(%)

Director

BLANK
RESULT

(mq/Kq)

144069.08.52

Submission #: 9904346

Extracted: May 3, 1999
Analyzed: May 4, 1999

250
100
100
100
100
100

Project#:

REPORTING
LIMIT

(mq/Kq)
5500
N.D.
11000
22000
N.D.
830

RESULT
(mq/Kq)

Matrix: SOIL
Run#: 18600

Atten: SAM BRATHWAITE

CH2M HILL OAKLAND

Project: PENN MINE
Received: April 26, 1999

Client Sample ID: HK-CIO
Spl#: 238196

Sampled: April 25, 1999

ANALYTE
ALUMINUM
CHROMIUM
COPPER
IRON
NICKEL
ZINC

I CHROMALAB, INC.
1------';En::V1:::·ron=mentai Services (SOB)

May 4, 1999

I
I
I
I
I
I
I

I
I
I
I
I
I
.1
I 510-893-8205 DC 05/08

I



re: One sample for Miscellaneous Metals analysis.
Method: EPA 3010A/30S0A/6010A Nov 1990

1220 Quarry lane • Pleasanton, California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

100
100
100
100
100
100

11010 0:0Cll405 JOHN 16:04

106
95.7
100
107
95.1
97.2

BLANK DILUTION
SPIKE FACTOR
(%)

144069.08.52

Submission #: 9904346

Extracted: May 3, 1999
Analyzed: May 4, 1999

250 N.D.
100 N.D.
100 N.D.
100 N.D.
100 N.D.
100 N.D.

~--bm-.
Laboratory Director

Project#:

REPORTING BLANK
LIMIT RESULT

(mq/Kq) (mq/Kq)
3800
N.D.
6600
200000
N.D.
760

RESULT
(mq/Kq>'

Matrix: SOIL
Run#: 18600

Atten: SAM BRATHWAITE

May 4, 1999

CH2M HILL OAKLAND

Project: PENN MINE
Received: April 26, 1999

ANALYTE

Client Sample ID: HK-CS
Spl#: 238191

Sampled: April 25, 1999

ALUMINUM
CHROMIUM
COPPER
IRON
NICKEL
ZINC

C
Analyst

510-893-8205 DC 05/08

I CHROMALAB, INC.
I .n·..----:En=-V1::::·ron=mental Services (SOB)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



re: One sample for Miscellaneous Metals analysis.
Method: EPA 3010A/3050A/6010A Nov 1990

CHROMALAB, INC.

1220 Quarry Lane • Pleasanton, California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

MOlD O:QC0405 JOHN 15:0<

144069.08.52

Submission #: 9904346

Extracted: May 3, 1999
Analyzed: May 4, 1999

\"~
~~ratory Director

Project#:

REPORTING BLANK BLANK DILUTION
RESULT LIMIT RESULT SPIKE FACTOR
(mg/Kg) (mg/Kg) (mg/Kg) (%)
9200 250 N.D. 106 100
N.D. 50 N.D. 96.2 100
1200 100 N.D. 100 100
55000 100 N.D. 107 100
N.D. 100 N.D. 95.1 100
2400 100 N.D. 97.2 100

Matrix: SOIL
Run#: 18600

environmental Services (SOB)

Atten: SAM BRATHWAITE

May 4, 1999

CH2M HILL OAKLAND

Client Sample ID: UK-C3
Spl#: 238189

Sampled: April 25, 1999

Project: PENN MINE
Received: April 26, 1999

Analyst

510-893-8205 GC 05108

I
I
I
I
I
I
I
I ANALYTE

ALUMINUM
CADMIUM
COPPER

I IRON
NICKEL
ZINC

I~~erArIiCIl:

­
I
I
I
I
I
I
I
I



re: One sample for Miscellaneous Metals analysis.
Method: EPA 3010A/3050A/6010A Nov 1990

CHROMALAB, INC.

1220 Quarry Lane • Pleasanton, California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

11010 0:0C0405 JOHN 15:0

106 100
95.7 100
100 100
107 100
95.1 100
97.2 100

BLANK DILUTION
SPIKE FACTOR
(%)

Submission #: 9904346

Extracted: May 3, 1999
Analyzed: May 4, 1999

Project#: 144069.08.52

REPORTING BLANK
LIMIT RESULT

(mg/Kg) (mq/Kq)
14000
N.D.
4800
44000
N.D.
5000

RESULT
(mq/Kq)

Matrix: SOIL
Run#: 18600

Environmental Services (SOS)

Atten: SAM BRATHWAITE

May 4, 1999

CH2M HILL OAKLAND

ANALYTE

Client Sample ID: HK-C8
Spl#: 238194

Sampled: April 25, 1999

Project: PENN MINE
Received: April 26, 1999

ALUMINUM
CHROMIUM
COPPER
IRON
NICKEL
ZINC

510-893-8205 GC 05/08

I
I
I
I
I
I
I
I
I

I,~~~
~ rndtI, Analyst

I
I
I
I
I
I
I
I



re: One sample for STLC MiscMetals with DI Water analysis.
Method: CA WET300sA ,Mod/6010A/7470A Nov 1990

1220 Quarry Lane • Pleasanton, California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

11018 O:QC0405 JOHN 13:5:

144069.08.52

Extracted: May 6, 1999
Analyzed: May 7, 1999

Submission #: 9904346

l.~
I~ratory Director

Project#:

REPORTING BLANK BLANK DILUTION
RESULT LIMIT RESULT SPIKE FACTOR
(mq!L) (mg!L) (mg!L) (%)
72 10 N.D. 102 10
N.D. 1.0 N.D. 103 10
760 5.0 N.D. 102 10
N.D. 5.0 N.D. 102 10
N.D. 5.0 N.D. 101 10
76 5.0 N.D. 102 10

Matrix: SOIL
Run#: 18688

Atten: SAM BRATHWAITE

May 7, 1999

Client Sample ID: UK-ClO
Spl#: 239171

Sampled: April 25, 1999

CH2M HILL OAKLAND

Project: PENN MINE
Received: April 26, 1999

Shafi Barekzai
Analyst

510-893-8205 DC 05/08

I CHROMALAB, INC.
1.------:En:-vi-.-rot1~mental Services (SOB)

I
I
I
I
I
I,'· ANALYTE

ALUMINUM
CADMIUM
COPPER

I LEAD
NICKEL
ZINC

I,
,I
I
I
I
I
I
I
I
I



re: One sample for STLC Mise Metals with DI Water analysis.
Method: CA WET3005A Mod/6010A/7470A Nov 1990

1220 Quarry Lane • Pleasanton, California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

Submission #: 9904346

10
10
10
10
10
10

11018 D:DCD405 JOHN 13:5:

102
103
102
102
101
102

BLANK DILUTION
SPIKE FACTOR
(%)

BLANK
RESULT

(mg/L)

144069.08.52

Extracted: May 6, 1999
Analyzed: May 7, 1999

10
1.0
5.0
5.0
5.0
5.0

Project#:

REPORTING
LIMIT

(mg/L)
460
2.7
700
N.D.
N.D.
580

RESULT
(mg/L)

Matrix: SOIL
Run#: 18688

Atten: SAM BRATHWAITE

Project: PENN MINE
Received: April 26, 1999

Client Sample ID: HK-C8
Spl#: 239170

Sampled: April 25, 1999

ANALYTE
ALUMINUM
CADMIUM
COPPER
LEAD
NICKEL
ZINC

Shafi Barekzai
Analyst

510-893-8205 Be 05/08

I CHROMALAB, INC.
I------':'En--:vt::·ron=mental services (SOB)

I
, May 7, 1999

CH2M HILL OAKLAND

I
I
I
I
I
I
I
II
I
I
,I
I
I',

I
I
I



re: One sample for STLC Misc Metals with DI Water analysis.
Method: CA WET3005A Mod/6010A/7470A Nov 1990

1220 Quarry Lane • Pleasanton, California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

Submission #: 9904346

1
J.
J.
1
1
1

MOla O:QClI405 JOHN 13:62

102
103
J.02
102
101
102

6, 1999
7, 1999

BLANK DILUTION
SPIKE FACTOR
(!til

May
May

144069.08.52

Laboratory Director

1.0 N.D.
0.10 N.D.
0.50 N.D.
0.50 N.D.
0.50 N.D.

O.50~

Project#:

150
0.13
J.OO
N.D.
N.D.
22

RESULT
(mg!L)

Matrix: SOIL Extracted:
Run#: 18688 Analyzed:

REPORTING BLANK
LIMIT RESULT

(mg!L) (mg!L)

Atten: SAM BRATHWAITE

Project: PENN MINE
Received: April 26, 1999

Client Sample ID: HK-CS
Spl#: 239169

Sampled: April 25, 1999

CH2M HILL OAKLAND

ANALYTE
ALUMINUM
CADMIUM
COPPER
LEAD
NICKEL
ZINC

510-893-8205 GC 05108

I CHROMALAB, INC.
1-------:En=Vl:·ro=nmentai Services (SOB)

May 7, 1999

I
I
I,
I
'I
I
I
I
I
I'
I
I
I
I
I
I



1
1
1
1
1
1

11018 0:QC0405 JOHN 13:51

102
103
102
102
101
102

6, 1999
7, 1999

BLANK DILUTION
SPIKE FACTOR
(%)

May
May

144069.08.52

Submission #: 9904346

~~
Laboratory Director

1.0 N.D.
0.10 N.D.
0.50 N.D.
0.50 N.D.
0.50 N.D.
0.50 N.D.

Project#:

260
0.99
97
N.D.
0.53
190

RESULT
(mg!L)

Matrix: SOIL Extracted:
Run#: 18688 Analyzed:

REPORTING BLANK
LIMIT RESULT

(mg!L) (mg!L)

1220 Quarry Lane • Pleasanton, California 94566-4756
(925) 484-1919 • Facsimile (925) 484-1096

Federal 10 #68-0140157

Atten: SAM BRATHWAITE

Client Sample IV: HK-C3
Spl#: 239168

Sampled: April 25, 1999

ANALYTE
ALUMINUM
CADMIUM
COPPER
LEAD
NICKEL
ZINC

... ~...... -.

Sf;a:n;-n-;;ekzaL
Analyst

I CHROMALAB, INC.
Is Environmental Services (SOB)

I
May 7, 1999

CH2M HILL OAKLAND

,I
Project: PENN MINEI Received: April 26, 1999

re: One sample for STLC Misc Metals with DI Water analysis.
Method: CA WET3005A Mod/6010A/7470A Nov 1990

'I
I
'I
I
I
,I
I
I
I
I
,I
I
I 510-893-8205 GC 05/08

I



CERTIFICATE OF ANALYSIS

GeoAnalytical Laboratories, Inc.
1405 Kansas Avenue Modesto, CA 95351 Phone (209) 572-Q9ooFax (209) 572-0916

meqH+/100g

%
-

Units

4/25/99

J~.r~
Donna Keller

Laboratory Director

Date: 5/11/99

54.1
35.5

0.93

Results

Date Rec'd: 5/03/99
Date Started: 5/03/99
Date Completed: 5/11/99

Date Sampled:
Time:
Sampler:

Certification # 1157

Project: 9904346

PO#

Analyte

Potential Acidity
Neutralizaton Potential

Sulfur

A:rt'uG-c-.t- i/:.~Lv
Ramiro Salga"d7lV -

Chemist

Report # K123-01

lhromaLab
1220 Quarry Lane

rleasanton CA 94566

IsamPle ID: HK-C3
Lab ID: K21555

tethod MOL

. 3.2.1 NA

3.2.1 NA

3.2.1 0.001

I
I

I
I
I
I
I
I'
I
I
I
I
I

-tons CaCo3 equivalent to 1000 tons material

I
I



CERTIFICATE OF ANALYSIS

GeoAnalytical Laboratories, Inc.
1405 Kansas Avenue Modesto, CA 95351 Phone (209) 572-0900 Fax (209) 572-0916

•
%

Units

4/25/99

Donna Keller
Laboratory Director

Results

Date: 5/11 /99

41.5
12.5
0.69

Date Rec'd: 5/03/99
Date Started: 5/03/99
Date Completed: 5/11/99

Date Sampled:
Time:
Sampler:

Certification # 1157

PO#

Project: 9904346

Analyte

Potential Acidity
Neutralizaton Potential

Sulfur

~c:.'~:'-'~~~-¥~
Ramiro Salgaao

Chemist

Report # K123-01

IchromaLab
1220 Quarry Lane

IPleasanton CA 94566

I Sample ID: HK-C5
Lab ID: K21556

lethod MOL

- 3.2.1 NA

3.2.1 NA

3.2.1 0.001

I
I

I
I
I
I
I
I
I
I
I
I
I

"'tons CaCoJ equivalent to 1000 tons material

I
I



I
I

GeoAnalytical Laboratories, Inc.
1405 Kansas Avenue Modesto, CA 95351 Phone (209) 572-0900 Fax (209) 572-0916

CERTIFICATE OF ANALYSIS
Report # K123-01

IChromaLab
1220 Quarry Lane

IPleasanton CA 94566

Analyte Results Units

Potential Acidity 103 meqH+/100g
Neutralizaton Potential 95.3 ..
Sulfur 1.84 %

I Sample ID:
LabID:

lethod

3.2.1

I
3.2.1
3.2.1

I
I
,I
I
I
I
I
I
I
I

HK-C8
K21557

MOL

NA
NA

0.001

Project: 9904346

PO#

Date: 5/11/99

Date Rec'd: 5/03/99
Date Started: 5/03/99
Date Completed: 5/11/99

Date Sampled: 4/25/99
Time:
Sampler:

"tons CaCoJ equivalent to 1000 tons material

I #-/~-7-f4'UrJ./~

I
Ramiro Salgad~ C

Chemist Certification # 1157

/~X?4-~~4/
Donna Keller

Laboratory Director



I
I

GeoAnalytical Laboratories, Inc.
1405 Kansas Avenue Modesto, CA 95351 Phone (209) 572-0900 Fax (209) 572-0916

CERTIFICATE OF ANALYSIS

Analyte Results Units

Potential Acidity 44.5 meqH+/HXlg
~eutralizaton Potential 20.1 ..
Sulfur 0.75 %

Report # K123-01

lhromaLab
1220 Quarry Lane

tleasanton CA 94566

IsamPle ID: HK-CI0
Lab ID: K21558

tethod MOL

3.2.1 ~A

I
· 3.2.1 ~A

3.2.1 0.001

I
I
I
I
I
I
I
I
I
I

Project: 9904346

POI

Date: 5/11/99

Date Rec'd: 5/03/99
Date Started: 5/03/99
Date Completed: 5/11/99

Date Sampled: 4/25/99
Time:
Sampler:

"tons CaCoJ equivalent to 1000 tons material

I A«/k~Y.uy~
I

Ramiro Salgad?...-v-~

Chemist Certification # 1157

/-/~U
Donna Keller

Laboratory Director



QCREPORT

GeoAnalytical Laboratories, Inc.
1405 Kansas Avenue Modesto, CA 95351 Phone (209) 572-0900 Fax (209) 572-0916

I Report# K123-01

I

I Chromalab
1220 Quarry LaneI Pleasanton CA 94566

Dates Analyzed 5/4/99

I
IAnalyte

-"otential Acidity
Iteutralizaton Potential

lulfur

Original Duplicate RPD Blank

Batch #I Method

100913 3.2.1 44.5 45.25 1.7 NO
101048 3.2.1 95.3 97.5 2.3 NO
101049 3.2.1 0.75 0.76 1.3 NO

I
I
I
I
I
I
I
'I
I
I

""tons CaCo3 equivalent to 1000 tons material

I
I Certification #I 1157

Donna Keller
Laboratory Director
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Per our conversation, this memo confinns that the following total and soluble metal
analyses shall be performed on samples HI<-C3, HK-CS, HK-eS, and HK-Cl0:

I;
i'

j

1
CH2MHU..L

Afsaneh Solimpor

BillJngIes
Jim Mavis

Sam Brathwaite

May3, 1999

----_._---------------- __---~ror_;__;_I

Total Metals Soluble

Aluminum Aluminum

Cadmium Cadmium

Copper Copper

Iron Lead

Nickel Nickel

Zinc Zinc

MEMORANDUM

Laboratory Analysis

FROM:

COPIES:

TO:

DATE:

Note that the total and soluble metals shall be analyzed using EPA Met:hod 6010.

Please call if you have any question.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I.
I
I
I.
I
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LAB 1 tAB 2
lD ID

Lagln Mult.

1
PrIce Sourc-e--<~
A pas

~stGltlllP

-----......

- --
F·
~blnt ~ .

,

AcctCO!f&

-
ProJect Cedi

UUSV.T

OOCRerlew

SAMPLE REMARKS

-

I

Dlllemrn. H1oZWRAPlNI!S9~: V N

DlWlImlt (~ 40>- EMrA: Y N

Yc~ ,;'
QClE'JEl t • 3 O1HER

IMteJllm.

I pH IClD

Qlliocly
rlmJlSill

DJSTR18unaH:OrIJ/ttId. LAB, Yellow- lAS Pink· C"~nt
REV 51'950.8 fOOM :140

-

I
I I

"'1 '.~.U

. • CatHp.lb1 Road
. ::~q.CAllSOO3.14~;~
:!lI8) 2-l4-SW FA'( (315) ~"'4109

:iLKW- -
Cnl'Hlro~n~1UIIal1lto!Ma, I" ...
5ll geth...." \ln~ 12
W:ri9l1ao.0lW~ c.r>Ida 1t2..... ·.N

,'519) 741·2576 lAX (5tG) 147-38G5

ANALYSES REQUESTED .

----/ "',/".-~f_ I:>; i .'

. I
I 1 I

,

ttttfil'lm8 SlIlppad VIa 11.Sh'",'ltll ,
UfI$ fed·fa Ollter

L D.llalJl'lIMI / .~~hllecj By ~.,.• .,*"lp'nl"""1

IV ~~/IICf;t~Q_~~-~.•

prllltci Manager or Conrad & Phonl' Report C<lp1 to:

BlliI::h IrtlMrbt

__ /lM·A. J 7D be. 1.
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- - - - - - - - - - - - - - _. - - - -
CI-IROMALAB

I
Clmllge request received hy:--------

SAMPLE STATUS CHANGE FORM

Date ncquestcd: l!0J)~~-,-?1

Submission II Client Smup.ID Old Status Description Description of Chnnues
I-----I---:...-_-.:..--I-------..:.---I-----.::...:....:.-=---.:..:..-:....:.-=.....:...:~~_·__.__.- (Clip-Ilt's llilllW)

11 k-f!3
HKCJ
HI«g
t+I<ClD

... -_._--- -----~- - _ - .-.--_..-.._---.. _.. ---------- .._.. - .... . _--_ ... -'--'.".' ._._ ..- ... '. ..._••" •.. " __ .,_0>"_

......... -"'-'.-.-.-.. _- .._------ .... -.". _... -_.. -- ....

. ------ - -- - -----_ .. --'---_. -----------. - ..-

Chnngcs were done in Iil11s hy(login):
_.---=-+---'----

•• ----__ •• _ ••-- •• 0 •••__ • '~' •• __•••••• •• __ • ,, __ •

011: I I

CC: lab. Director _ Dcpt.managcr Analyst __Proj.Mantlncr



-------------------
CHROMALAB

I
Change request received by: &s;~__ Datu Hnquesled: 5- I zf I '1'

r------------------------------------- ----------------
SAMPLE STATUS CHANGE FORM rtequcsted hy

(Client's lIillllO)

Ctf2 H - rl /LL

~

Old Stntlls DescriptIon

fit< --~~'

IfK - C.S

\i t::. _ Cg
. ,. - .__ .._._...I:~tJ< - _?lo.. _

SUhlllission II Client Snmp.10
----1---------1-------=------...::-__:...

... ------_.._ _---_._-_._---- ----_.. _-_. --~._----_._-- .._. --- _... _-..... _----_.__.. __ ._-_....._....- .....

. -_._-_._----- .-..'.- _... -_._-.~:--_. __ . -----_ ..._._-.._..-. "---"'-- .._._-.~ .. - ..-'- .._.-....- .__. ---.- -- ....- ....

.. ... .. _._-- -.-----.__ . --_._-----_.- _ - . _ - .-, - .'.. -..

• --_. __ ••0. __••••__ •• _. • __ • • __ #0 _

Chonges were clone in lims hy(login):
------ 0,,: I I

-------_. -- .._--_._-- '--------------- .. -.._-._--_.. _-- .. _-_.- . - .•.. -.

CC: lob.Director _ Dept.I1H1l1oger _ Analyst _Proj.Mollilger



CHAIN OF CUSTODY RECORD AND AGREEMENT TO PERFORM SERVICES

- - - -
£:-.'..' ,.~--- .. ~.),....,....-i,/' )CI {' / 1 ,", ;

lTV ANALYTICAL I / ." / . " . .~ , . ( !
L. _ ..JRATORIES, INC. .

- (--,/. - - - --V'+f1 - -
Project # Purchase Order # 0 LGN

/. ,,),,/. /0,0.°, <-'" One Innovation Drive, Suite C
1-:::-......,........,..4,I',...'Y'Yl-L--:.(/~,O_7~'--00:::::..--':..J=-<..N_---''-- -i Alachua, FL 32615-9586

Project Name \9(4) 46'2-3050 FAX (904) 46'2-1670

j:E1</;<./ IYJ/N£ DLMG
.-----L-~:....:...-'----':....:...~---::'-------------_l 2567 Fairlane Drive

Company Name Montgomery. AL 36116-16226t2/n !lILL, (334) 271-2440 FAX (334) 271-3428

LAB 1 LAB 2
10 10

Ack. Gen.

Login Mull.

Price Source

A P Q S

Test Group

SAMPLE REMARKS

THIS AREA FOR LAB USE ONLY

COC Review

L1MSVer

Client Service

Project Code

Acet Code

Lab # Page of

OLKW
Canviro Analytical Laboratories. Inc.
50 Bathurst. Unit 12
Waterloo. Ontario. Canada N2V 2C5
(519) 747-2575 FAX (519) 747-3806

DLRD
5090 Caterpillar Road
Redding. CA 96003-1412 ,
(916) 244-5227 FAX (916) 244-4109

ANALYSES REQUESTED
#

o
F

e
o
N
T
A
I
N
E
R
S

aCID
(3 CHAR)

Dispose Return

o 0

Sample Disposal:

CLIENT SAMPLE 10
(9 CHARACTERS)

Matrix

w S
A 0
T I
E L
R

Type

Sampling

Date Time

c

Requested Completion Date: Site 10

Project Manager or Contact & Phone # Report Copy to:

c~M ?~ -, A/1&-

C G
o R

1-
__-,-__-1 M A

P B

" //:30

I/,{},:O

/~,:3D

1/.3:35

1/.3:50

" IAI-: If)

;iji,j'j if: 3·j~~j.jb REP: GC

eLiENT: CHi:
iiUi:: ~5iu:;/}j

REF ii:457H

I

I
I

DatelTlme I? Pf t-ED_A_:T:_'A_: --'-Y N__-t

c:.,r.~ 4'tl QC LEVEL 1 2 3 OTHER __
DalelTlme 1--------,----------1

HAZWRAP/NESSA: Y~P.!..ed By & TItle (PIa..e sign and print name)

( Xb.-.~~wA-1'~

ReceiVed~~~ /

Receivedjly /J (P1~print narn4" r

~~"'O"O"::'
Received By (Pie... sign and print name)

DatelTlme / Relinquished~ I!'!l'ase sign and print name)

¥/026'/9Y///Ct>I~/Y)..:6~H ... .....f;, •
DalelTlme /.?ac;; Rellnq~hed By - ~~printname)

N...... '7-1."-?Q ~ ~'~,;Iff"Al'Z; ---~
tj.lu~i60 )l~d-Eiv C'" (Pleasa sign and print name)

t1atelTlme Shipped Via IShipping #
UPS Fed-Ex Other

DalelTlme

pH

Custody
Seal

Ice

TemD

N

Batch Remarks:

Instructions and Agreement Provisions on Reverse Side
,

DISTRIBUTION. Original· LAB, Yellow - LAB, Pink· Client
REV 5195 LAB FORM 340



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Appendix C

Precipitation Data



- -- - - - - _._--- - - - - - - -
Table C·1

Comparison of Precipitation at Pardee Dam, New Hogan Lake, and Onsite
(in inches)

Penn Mine Environmental Restoration Project

Pardee Dam New Hogan Lake Onslte Weather Pardee Dam New Hogan Lake Onslte Weather
Day Station Station Station Day Station Station Station

1-Mar-99 0.00 0.00 ·N 1-Apr-99 0.00 0.00 O.OC
2-Mar-99 0.08 0.80 N 2-Apr-99 0.00 0.00 0.00
3-Mar-99 0.00 0.04 N 3-Apr-99 0.00 0.07 0.00
4-Mar-99 0.00 0.00 N 4-A r-99 0.00 0.00 0.00
5-Mar-99 0.00 0.00 N 5-A r-99 0.00 0.53 0.46
6-Mar-99 0.00 0.00 N 6-A r-99 0.02 0.00 0.02
7-Mar-99 0.00 0.00 N 7-A r-99 0.02 0.02 0.00
8-Mar-99 0.32 0.25 N 8-A r-99 0.00 0.52 0.36
9-Mar-99 0.00 0.00 N 9-A r-99 NA NA 0.00

10-Mar-99 0.00 0.00 N 10-Apr-99 NA NA 0.013
11-Mar-99 0.00 0.00 0.00 11-Apr-99 NA NA 0.02
12-Mar-99 0.00 0.00 0.03 12-Aor-99 NA NA 0.00
13-Mar-99 0.00 0.00 0.00 13-Apr-99 NA NA 0.00
14-Mar-99 0.00 0.00 0.00 14-Aor-99 NA NA 0.00
15-Mar-99 0.00 0.00 0.00 1S-Apr-99 NA NA N
16-Mar-99 0,00 0.00 0.00 16-A r-99 NA NA N
17-Mar-99 NA 0.00 0.00 17-A r-99 NA NA N
18-Mar-99 0.00 0.00 0.00 18-A r-99 NA NA N
19-Mar-99 0.33 0.35 0.11 19- r-99 NA NA N
20-Mar-99 0.03 0.03 0.23 20- r-99 NA NA 0.0
21-Mar-99 0.00 0.01 0.02 21- r-99 NA NA 0.00
22-Mar-99 0.00 0.02 0.01 22- r-99 NA NA 0.00
23-Mar-99 0.00 0.06 0.02 23-A r-99 NA NA 0.00
24-Mar-99 0.00 0.02 0.00 24-Apr-99 NA NA 0.00
2S-Mar-99 0.00 0.00 0.01 25-Apr-99 NA NA 0.00
26-Mar-99 0.00 0.00 0.00 26-Apr-99 NA NA 0.00
27-Mar-99 0.00 0.00 N 27-Aor-99 NA NA 0.00
28-Mar-99 0.00 0.00 N 28-Aor-99 NA NA 0.00
29-Mar-99 0.00 0.00 N 29-Aor-99 NA NA 0.00
30-Mar-99 0.00 0.49 N 30-Apr-99 NA NA 0.00
31-Mar-99 0.00 0.00 0.00

Notes.
NA =not available
Source of Data: Pardee Dam and New Hogan Lake Station data from Department of Water Resources' California Data Exchange Center (cdec);
Onslte data from Penn Mine weather station datalogger.



-------------------
Table C-2

1999 Cumulative Precipitation, Pardee Dam and New Hogan Lake Stations
(in inches)

P M' E . IRenn me nVlronmenta estoratlon PrOlect

Pardee Dam New Hogan Pardee Dam New Hogan Pardee Dam New Hogan
Day Station Lake Station Day Station Lake Station Day Station Lake Station

1-Jan-99 0 0 1-Feb-99 3.36 2.64 4-Mar-99 9.07 8.99
2-Jan-99 0 0 2-Feb-99 3.36 2.64 5-Mar-99 9.07 8.9~

3-Jan-99 0 0 3-Feb-99 3.36 2.64 6-Mar-99 9.07 8.99
4-Jan-99 0 0 4-Feb-99 3.36 2.64 7-Mar-99 9.39 8.99
5-Jan-99 0 0 5-Feb-99 3.36 2.64 8-Mar-99 9.39 9.24
6-Jan-99 0 0 6-Feb-99 4.01 3.17 9-Mar-99 9.39 9.24
7-Jan-99 0 0 7-Feb-99 4.81 4.12 10-Mar-99 9.39 9.24
8-Jan-99 0 0 8-Feb-99 5.95 4.78 11-Mar-99 9.39 9.24
9-Jan-99 0 0 9-Feb-99 6.99 6.03 12-Mar-99 9.39 9.24

10-Jan-99 0 0 10-Feb-99 6.99 6.03 13-Mar-99 9.39 9.24
11-Jan-99 0 0 11-Feb-99 6.99 6.03 14-Mar-99 9.39 9.24
12-Jan-99 0 0 12-Feb-99 6.99 6.03 15-Mar-99 9.39 9.24
13-Jan-99 0 0 13-Feb-99 7.06 6.09 16-Mar-99 9.39 9.24
14-Jan-99 0 0 14-Feb-99 7.06 6.09 17-Mar-99 9.39 9.24
15-Jan-99 0.84 0.13 15-Feb-99 7.06 6.09 18-Mar-99 9.39 9.24
16-Jan-99 0.92 0.13 16-Feb-99 7.78 6.64 19-Mar-99 9.72 9.59
17-Jan-99 1.35 0.13 17-Feb-99 7.78 6.64 20-Mar-99 9.72 9.62
18-Jan-99 1.35 0.13 18-Feb-99 7.78 6.99 21-Mar-99 9.72 9.63
19-Jan-99 2.07 1.38 19-Feb-99 7.78 6.99 22-Mar-99 9.72 9.65
20-Jan-99 2.07 1.38 20-Feb-99 8.75 8.1 23-Mar-99 9.72 9.71
21-Jan-99 2.08 1.68 21-Feb-99 8.75 8.13 24-Mar-99 9.72 9.73
22-Jan-99 2.09 1.68 22-Feb-99 8.75 8.13 25-Mar-99 9.72 9.73
23-Jan-99 2.55 2.05 23-Feb-99 8.75 8.13 26-Mar-99 9.72 9.73
24-Jan-99 2.55 2.05 24-Feb-99 8.99 8.13 27-Mar-99 9.72 9.73
25-Jan-99 2.75 2.07 25-Feb-99 8.99 8.15 28-Mar-99 9.72 9.73
26-Jan-99 2.75 2.26 26-Feb-99 8.99 8.15 29-Mar-99 9.72 9.73
27-Jan-99 2.75 2.39 27-Feb-99 8.99 8.15 30-Mar-99 9.72 10.22
28-Jan-99 2.75 2.39 28-Feb-99 8.99 8.15 31-Mar-99 9.72 10.22
29-Jan-99 2.75 2.39 1-Mar-99 8.99 8.15 1-Apr-99 9.72 10.22
30-Jan-99 3.18 2.39 2-Mar-99 9.07 8.95 2-Apr-99 9.72 10.22
31-Jan-99 3.36 2.39 3-Mar-99 9.07 8.99 3-Apr-99 9.72 10.29

1 of 2



-------------------
Table C·2

1999 Cumulative Precipitation, Pardee Dam and New Hogan Lake Stations
(In Inches)

P M' E I IRenn me nv ronmenta estoratlon Proiect

Pardee Dam New Hogan Pardee Dam New Hogan Pardee Dam New Hogan
Day Station Lake Station Day Station Lake Station Day Station Lake Station

4-Apr-99 9.72 10.29
5-Apr-99 9.72 10.82
6-Apr-99 9.74 10.82
7-Apr-99 9.76 10.84
8-Apr-99 9.76 11.36
9-Apr-99 9.76 11.36

10-Apr-99 . 9.76 11.36
11-Apr-99 9.76 11.36
12-Apr-99 9.76 11.36
13-Apr-99 9.76 11.36
14-Apr-99 9.76 11.36
15-Apr-99 9.76 11.36
16-Apr-99 9.76 11.36
17-Apr-99 9.76 11.36
18-Apr-99 9.76 11.36
19-Apr-99 9.76 11.36
20-Apr-99 9.76 11.36
21-Apr-99 9.76 11.36
22-Apr-99 9.76 11.36
23-Apr-99 9.76 11.36
24-Apr-99 9.76 11.36
25-Apr-99 9.76 11.36
26-Apr-99 9.76 11.36
27-Apr-99 9.76 11.36
28-Apr-99 9.76 11.36
29-Apr-99 9.76 11.36
30-Apr-99 9.76 11.36

Source of Data: Pardee Dam and New Hogan Lake Station data from Department of Water Resources' California Data Exchange
Center (cdec)
Note: cdec data entered as "--" was considered as zero for calculating cumulative precipitation

2 of 2
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Daily Stations: PARDEE (MOKELUMNE R)

California Department of Water Resources Division of Flood Management

Curnnt RA'~ COtKIitiOfl~ Snowpil(k Statu!. Ri\.-et S~et/fkMt1. Jtesltrvaer o.n./A.epor~ SMeIIfft! Image SUttOll l"fOnMPon

Dat_ Query TOQIt. Pnciphnon/Snow Ri'f'Er/Tkie foreCisD Water SUpply W@ith(lr fo((llC,isn rextR~

PARDEE (PAR)
Elevation: 568' . MOKELUMNE R basin' Operator: East Bay Municipal Utility District

Current data as ofThursday at 17:23:33 :" ~,":
' ... ~.

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

Date RES ELE STORAGE RES CHG OUTFLOW PPT INC INFLOW
FEET AF AF CFS INCHES CFS

Earlier

1999 03/19 0.33 1252
1999 03/20 559.79 180960 1508 0.03 1394
1999 03/21 559.64 180640 -320.00 1501 0.00 1354
1999 03/22 559.39 180120 -520.00 1511 0.00 1246
1999 03/23 179510 -610.00 0.00 1215
1999 03/24 558.83 178950 -560.00 1527 0.00 1237
1999 03/25 558.54 178350 -600.00 1537 0.00 1229
1999 03/26 558.21 177660 -690.00 1536 0.00 1187
1999 03/27 557.90 177020 -640.00 1539 0.00 1217
1999 03/28 557.62 176440 -580.00 1540 0.00 1249
1999 03/29 557.30 175780 -660.00 1550 0.00 1224
1999 03/30 556.93 175030 -750.00 1562 0.00 1160
1999 03/31 556.55 174230 -800.00 1559 0.00 1162
1999 04/01 556.08 173270 -960.00 1574 0.00 1094

Later ILatest

Warning! This data is preliminary and subject to revision.

Show PAR MaQ IPlot PAR Data 11 Month PAR Data IReal-Time PAR Data

.Sallforrtla Data [:chanqc Center. . ...... Mail to Webmaster .

http://cdec.water.ca.gov/cgi-progs/queryDaily?PAR&d=01-Apr-1999+17:21&span=14days

Page 1 of 1
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Monthly Data IHistorical Data ICustom Graph Plotter IText Reports

Calif01 1"11:1 Data Lxchanrjl? Center Mall to Webmaster

California I:?cparlment of Willer Re5?Ur~CS ___ _. Diyision of Flood _ManilRcmcnt

5/13/99

Page 1 of 1

T"".R~

!ia'non In'ormanon

DIU Ql;erv Taoli PrlCipltimOn,lSnow Rhl'El/Ttdt forecua WM:er SUpply

PARDEE (PAR)
Elevation: 568' . MOKELUMNE R basin· Operator: East Bay Municipal Utility District

Current data as ofThursday at 17:29:25 ::}::

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

Date RES ELE STORAGE RES CHG OUTFLOW PPT INC INFLOW
FEET AF AF CFS INCHES CFS

Earlier

1999 04/02 555.57 172230 -1040 1598 0.00 1068
1999 04/03 555.07 171210 -1020 1585 0.00 1113
1999 04/04 554.61 170280 -930.00 1584 0.00 1081
1999 04/05 554.11 169280 -1000 1587 0.00 1084
1999 04/06 553.62 168300 -980.00 1592 0.02 1096
1999 04/07 553.09 167230 -1070 1582 0.02 1047
1999 04/08 552.67 166400 -830.00 1583 0.00 1156
1999 04/09 552.02 165080 -1320 1597 958.00
1999 04/10 551. 40 163880 -1200 1596 955.00
1999 04/11 550.79 162660 -1220 1554 966.00
1999 04/12 550.93 162960 300.00 903.00 1034
1999 04/13 551.18 163450 490.00 900.00 1143
1999 04/14 551. 61 164300 850.00 923.00 1314
1999 04/15 552.27 165600 1300 916.00 1551

Later ILatest

Warning! This data is preliminary and subject to revision.

Show PAR Map IPlot PAR Data 11 Month PAR Data IReal-Time PAR Data

Daily Stations: PARDEE (MOKELUMNE R)

http://cdec.water.ca.gov/cgi-progs/queryDaily?PAR&d=15-Apr-l999+17:23&span=14days
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http://cdec.water.ca.gov/cgi-progs/queryDaily?PAR&d=29-Apr-1999+17:21&span=14days 5/13/99
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Daily Stations: PARDEE (MOKELUMNE R)

California Departme!"1t of Water Resour_ces Div!sion of r100d Manilqement

Current n,n' CottditiOf1!o SnolJfpack StMlft RArer !i~~ffkJwi Res..rvaw Otni!'lepOrts SMeUi!e Images $cation In'anuaon

0aUl ~ery Tool" PrllCipl~n/Snow tti\tll!rJT'de For«asa ~Met SUpply WN!tlfr Forecasts TntR~

PARDEE (PAR)
Elevation: 568' . MOKELUMNE R basin' Operator: East Bay Municipal Utility District

Current data as ofThursday at 17:22:30 ~. ~:-'.:

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

Date RES ELE STORAGE RES CHG OUTFLOW PPT INC INFLOW
FEET AF AF CFS INCHES CFS

Earlier

1999 04/16 552.84 166740 1140 1068 1614
1999 04/17 552.97 167000 260.00 1427 1551
1999 04/18 553.21 167470 470.00 1550 1785
1999 04/19
1999 04/20 553.66 168380 1601 1856
1999 04/21 553.80 168640 260.00 1633 1776
1999 04/22 553.83 168710 70.00 1633 1667
1999 04/23 553.81 168680 -30.00 1621 1623
1999 04/24 553.76 168580 -100.00 1617 1561
1999 04/25 553.54 168140 -440.00 1626 1400
1999 04/26 553.53 168120 -20.00
1999 04/27 553.46 167950 -170.00 1637 1556
1999 04/28 553.53 168120 170.00 1628 1699
1999 04/29 553.35 167750 -370.00 1620 1443

Later ILatest

Warning! This data is preliminary and subject to revision.

Show PAR Map IPlot PAR Data 11 Month PAR Data IReal-Time PAR Data

;--_._-._-------- ----_.. " -- - -...- -_._--._-.._- -"--- .•... --- ............_. ""'H'__ ' __._,._ .. _ - ...... __..._.._._--_. - -_....---" _.- --_. --- ... . --_._-.- ~- _..

CallTorm<t Data [xchanqE: Center Mall to Webmaster
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Daily Stations: PARDEE (MOKELUMNE R)

California [)cp~rtmentof Water R~sources _ _Divj~~on of r100d Management

rn'llopom

PARDEE (PAR)
Elevation: 568' . MOKELUMNE R basin' Operator: East Bay Municipal Utility District

Current data as ofThursday at 17:21:58 :" ~~,:.

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

Date RES ELE STORAGE RES CHG OUTFLOW PPT INC INFLOW
FEET AF AF CFS INCHES CFS

Earlier

1999 04/30 553.10 167250 -500.00 1644 1397
1999 05/01 552.89 166860 -390.00 1650 1448
1999 05/02 552.85 166760 -100.00 1661 1581
1999 05/03 553.08 167210 450.00 1644 0.04 1876
1999 05/04 553.01 167080 -130.00 1652 0.00 1583
1999 05/05 552.89 166840 -240.00 1655 0.00 1531
1999 05/06 552.69 166440 -400.00 1652 0.00 1456
1999 05/07 552.46 165980 -460.00 1666 0.00 1415
1999 05/08 1649 0.00 1416
1999 05/09 1646 0.00 1512
1999 05/10 1643 0.00 1458
1999 05/11 551.54 164160 1652 0.00 1265
1999 05/12 551.37 163820 -340.00 1668 0.00 1483
1999 05/13

Later ILatest

Warning! This data is preliminary and subject to revision.

Show PAR Map IPlot PAR Data 11 Month PAR Data IReal-Time PAR Data

California Data Exchanqe Center Mall to Webmaster
- "

http://cdec.water.ca.gov/cgi-progs/queryDaily?s=PAR&d=today
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California Department of Water Resources Division of Flood Management :

CUrrent RIver Condltloos S~pd \laws. Rtvel Srl.qt!S/F~s Roesel'\''- Dat-aJftepom SM.ellitt ImllgtoJ. Sotoltoion InfQrm.u;on
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NEW HOGAN LAKE (NHG)
Elevation: 554' . CALAVERAS R basin· Operator: US Army Corps of Engineers

Current data as ofThursday at 11:49:29 .~ ':.

Select a sensor name for aplot of recent data. Note: Reservoir Flows are daily averages.

- --rage J. VI 2

Date RES ELE
FEET

FNF
CFS

STORAGE RES CHG OUTFLOW TEMP MX
AF AF CFS DEG F

TEMP MN PPT INC
DEG F INCHES

INFLOW
CFS

46.00 23.00 0.00

56.00 27.00 0.00
60.00 29.00 0.00
59.00 31. 00 .0.00
55.00 33.00 0.00

Earlier

1998 12/25 676.56 50.00 182953 -125.00 109.00
1998 12/26 676.54 80.00 182891 -62.00
1998 12/27 676.49 36.00 182735 -156.00
1998 12/28 676.46 50.00 182642 -93.00 109.00
1998 12/29 676.44 74.00 182580 -62.00 109.00
1998 12/30 676.40 47.00 182455 -125.00 104.00
1998 12/31 42.00 104.00
1999 01/01 676.34 72.00 182269 102.00
1999 01/02 676.32 69.00 182206 -63.00 98.00
1999 01/03 676.27 22.00 182051 -155.00 98.00
1999 01/04 676.25 69.00 181989 -62.00 98.00
1999 01/05 676.21 36.00 181865 -124.00 98.00
1999 01/06 676.18 52.00 181771 -94.00 98.00
1999 01/07 676.15 51. 00 181678 -93.00 98.00
1999 01/08 676.12 50.00 181585 -93.00 98.00

Later ILatest

Warning! This data is preliminary and subject to revision.
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42.00
43.00
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25.00
25.00
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28.00
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0.00

33.00

30.00
68.00
74.00
47.00
40.00
68.00
67.00
22.00
69.00
36.00
52.00
51. 00



Daily Stations: NEW HOGAN LAKE (CALAVERAS R)

Show NHG M,m IPlot NHG Data 11 Month NHG Data IReal-Time NHG Data
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Real-Time Data IGroup of Real-Time Stations IDaily Data IGroup ofDaily Stations
Monthly Data IHistorical Data ICustom Graph Plotter IText Reports

California Data Exchange Center _ Mail to Webmaster j
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California Department of Water Resources Division of Flood Management

CUrrent R:ft.,tf COtldlLJoni SBOWiP6dr. SUitus. Rtvel Sugei/F'ow:, R~ef\t"'"Qataifteporu SMellik Im.llge5 SQtion.lnrormuion
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NEW HOGAN LAKE (NHG)
Elevation: 554' . CALAVERAS R basin' Operator: US Army Corps of Engineers

Current data as afThursday at 11:50:55 .:'-i':.

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

- --.L age.L v,·2

Date RES ELE
FEET

FNF
CFS

STORAGE RES CHG OUTFLOW TEMP MX
AF AF CFS DEG F

TEMP MN PPT INC
DEG F INCHES

INFLOW
CFS

98.00 39.00 32.00 0.00 51. 00
98.00 51.00
98.00 35.00
98.00 45.00 26.00 0.00 35.00
99.00 55.00 26.00 0.00 71.00

100.00 50.00 25.00 0.00 56.00
101. 00 56.00 32.00 0.00 42.00
101. 00 55.00 39.00 0.13 72.00

Earlier

1999 01/08 676.12 50.00 181585 -93.00
1999 01/09 676.08 35.00 181461 -124.00
1999 01/10 676.04 35.00 181337 -124.00
1999 01/11 676.02 71.00 181275 -62.00
1999 01/12 675.99 55.00 181182 -93.00
1999 01/13 675.95 42.00 181058 -124.00
1999 01/14 675.93 72 .00 180996 -62.00
1999 01/15 675.99 197.00 181182 186.00
1999 01/16 676.00 175.00 181213 31. 00
1999 01/17 676.03 151.00 181306 93.00
1999 01/18 676.34 588.00 182269 963.00
1999 01/19 676.35 2397 182300 31.00
1999 01/20 679.62 3460 192622 10322
1999 01/21 679.52 1877 192302 -320.00
1999 01/22 678.29 982.00 188386 -3916

Lqterl Latest

Warning! This data is preliminary and subject to revision.
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Daily Stations: NEW HOGAN LAKE (CALAVERAS R)

Show NHG Mall IPlot NHG Data 11 Month NHG Data IReal-Time NHG Data

Real-Time Data IGroup ofReal-Time Stations IDaily Data IGroup ofDaily Stations
Monthly Data IHistorical Data ICustom Graph Plotter IText Reports

California Data Exchange Center Mail to Webmaster I
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California Department of Water Resources Division of Flood Management 'j

CUrrent'Rito'd 'CbtIdn1OUS ~padl ~&f&iS. lUvet !It&{}eilFlOwt. lteserv~ Dat41Cteport5 SMeUi~ ltilagts SUtion Inform~
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NEW HOGAN LAKE (NHG)
Elevation: 554' . CALAVERAS R basin' Operator: US Army Corps of Engineers

Current data as afThursday at 11:51:36 :'-i ':.

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

Date RES ELE FNF STORAGE RES CHG OUTFLOW TEMP MX TEMP MN PPT INC INFLOW
FEET CFS AF AF CFS DEG F DEG F INCHES CFS

Earlier

1999 01/22 678.29 982.00 188386 -3916 2035 58.00 39.00 0.00 1877
1999 01/23 677.62 1930 186272 -2114 2952 58.00 46.00 0.37 982.00
1999 01/24 676.67 1479 183296 -2976 2993 1930
1999 01/25 675.87 763.00 180810 -2486 2993 53.00 33.00 0.02 1930
1999 01/26 675.67 570.00 180192 -618.00 2012 49.00 38.00 0.19 763.00
1999 01/27 675.56 448.00 179852 -340.00 877.00 52.00 28.00 0.13 570.00
1999 01/28 675.61 323.00 180006 154.00 619.00 52.00 29.00 0.00 453.00
1999 01/29 675.72 259.00 180346 340.00 245.00 58.00 35.00 0.00 328.00
1999 01/30 211. 00 83.00 60.00 32.00 0.00 259.00
1999 01/31 796.00
1999 02/01 676.63 736.00 183171 103.00 48.00 31. 00 0.25 792.00
1999 02/02 676.84 440.00 183827 656.00 104.00 54.00 33.00 0.00 440.00
1999 02/03 676.98 329.00 184264 437.00 104.00 61. 00 34.00 0.00 329.00
1999 02/04 677.09 280.00 184609 345.00 104.00 56.00 30.00 0.00 280.00
1999 02/05 677.17 238.00 184859 250.00 104.00 60.00 32.00 0.00 238.00

Later ILatest

Warning! This data is preliminary and subject to revision.



Daily Stations: NEW HOGAN LAKE (CALAVERAS R)

Show NHG MaRl Plot NHG Data 11 Month NHG Data IReal-Time NHG Data

Real-Time Data IGroup ofReal-Time Stations IDailv Data IGroup ofDaily Stations
Monthly Data IHistorical Data ICustom Graph Plotter IText Reports

California Data Exchange Center Mail to Webmaster ;
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California Department of Water Resources Division of Flood Management
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NEW HOGAN LAKE (NHG)
Elevation: 554' . CALAVERAS R basin' Operator: US Anny Corps of Engineers

.Current data as ofThursday at 11:52:04
.' .

,", I •
.....~ ..

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

Date RES ELE FNF STORAGE RES CHG OUTFLOW TEMP MX TEMP MN PPT INC INFLOW
FEET CFS AF AF CFS DEG F DEG F INCHES CFS

Earlier

1999 02/05 677.17 238.00 184859 250.00 104.00 60.00 32.00 0.00 238.00
1999 02/06 260.00 102.00 53.00 49.00 0.53 260.00
1999 02/07 4530 110.00 55.00 48.00 0.95 4530
1999 02/08 682.08 3905 200593 550.00 57.00 52.00 0.66 3905
1999 02/09 686.78 9084 216317 15724 1147 54.00 26.00 1.25 9084
1999 02/10 686.97 2942 216966 649.00 2609 52.00 28.00 0.00 2942
1999 02/11 685.63 1617 212409 -4557 3908 59.00 31. 00 0.00 1617
1999 02/12 684.00 1176 206937 -5472 3930 59.00 34.00 0.00 1176
1999 02/13 682.23 942.00 201085 -5852 3887 62.00 38.00 0.06 942.00
1999 02/14 680.32 793.00 194872 -6213 3921 57.00 35.00 0.00 793.00
1999 02/15 678.29 714.00 188386 -6486 3978 58.00 37.00 0.00 714.00
1999 02/16 677 .28 700.00 185204 -3182 2304 55.00 46.00 0.55 700.00
1999 02/17 678.45 2385 188893 3689 523.00 2385
1999 02/18 1375 699.00 58.00 34.00 0.35 1375
1999 02/19 1297 1000 62.00 35.00 0.00 1297

Later ILatest

Warning! This data is preliminary and subject to revision.



Daily Stations: NEW HOGAN LAKE (CALAVERAS R)

~hpw NHG Mag IPlot NHG Data 11 Month NHG Data IReal-Time NHG Data

Real-Time Data IGroup ofReal-Time Stations IDaily Data I Group ofDaily Stations
Monthly Data IHistorical Data ICustom Graph Plotter IText Reports

California Data Exchange Center Mail to Webmaster i
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California Department of Water Resources Division of. Flood Management .

CUnenlR:'lvet ConditiOn; Srwnitpid: !.1M-lIS- Rivet sraan./f"1ows lte-servow OataJltepom saf:lli~ Imbge SUtton InrOf~liore

oar. ()leI\' Tool' Prodp~oUonl$olow RJ..r/TIde fO'e<"ts W...r Supplv Weidl.r ""ret.>!> T.., R"""",

NEW HOGAN LAKE (NHG)
Elevation: 554' . CALAVERAS R basin' Operator: US Army Corps of Engineers

Current data as afThursday at 11:52:39 ~',i ':.

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

Date RES ELE FNF STORAGE RES CHG OUTFLOW TEMP MX TEMP MN PPT INC INFLOW
FEET CFS AF AF CFS DEG F DEG F INCHES CFS

Earlier

1999 02/19 1297 1000 62.00 35.00 0.00 1297
1999 02/20 679.11 1102 190992 1001 55.00 35.00 1.11 1102
1999 02/21 680.25 2860 194647 3655 1014 56.00 36.00 0.03 2860
1999 02/22 680.58 1550 195712 1065 1010 60.00 35.00 0.00 1550
1999 02/23 680.63 1099 195874 162.00 1009 64.00 36.00 0.00 1099
1999 02/24 680.54 871.00 195583 -291. 00 1010 871.00
1999 02/25 680.54 1017 195583 0.00 1009 59.00 31.. 00 0.02 1017
1999 02/26 868.00 1009 60.00 31. 00 0.00 868.00
1999 02/27 680.27 725.00 194711 1009 66.00 41. 00 0.00 725.00
1999 02/28 680.03 626.00 193939 -772.00 1008 70.00 47.00 0.00 625.00
1999 03/01 679.68 439.00 192815 -1124 996.00 67.00 38.00 0.00 439.00
1999 ·03/02 483.00 1004 73.00 44.00 0.80 483.00
1999 03/03 1013 1007 55.00 30.00 0.04 1013
1999 03/04 679.33 745.00 191694 768.00 58.00 31. 00 0.00 745.00
1999 03/05 679.47 600.00 192142 448.00 366.00 59.00 34.00 0.00 600.00

Later ILatest

Warning! This data is preliminary and subject to revision.



Daily Stations: NEW HOGAN LAKE (CALAVERAS R)

S.how NJ:IG M<!.p-I Plot NHG Data 11 Month NHG Data IReal-Time NHG Data

Real-Time Data IGroup ofReal-Time Stations IDailv Data I Group ofDaily Stations
Monthly Data IHistorical Data ICustom Graph Plotter IText Reports

California Data Exchange Center ~ Mail _to Webmaster i
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California Department of Water Resources Division of Flood Management .

CUrYehl Rhoef CoCIdIUoos SOOliIp6dr. suws. Rtve'Stagd/floiw¥$ Reservoe. Oat.aJftepom sateJli~ Imb.Qe! SGdon Infgrnmioo

llafa Query Toot. P,odp~.uonlS.l_ Rj""'ITlOt Fmo<..cs Wile, Supply W..ttlor fo,,,,,,,,. T..t ~"llO'\.

NEW HOGAN LAKE (NHG)
Elevation: 554' . CALAVERAS R basin' Operator: US Anny Corps of Engineers

Current data as ofThursday at 11:53:17 >i':

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

Date RES ELE FNF STORAGE RES CHG OUTFLOW TEMP MX TEMP MN' PPT INC INFLOW
FEET CFS AF AF CFS DEG F DEG F INCHES CFS

Earlier

1999 03/05 679.47- 600.00 192142 448.00 366.00 59.00 34.00 0.00 600.00
1999 03/06 490.00 98.00 58.00 29.00 0.00 490.00
1999 03/07 679.92 -447.00 193585 98.00 61.00 31. 00 0.00 448.00
1999 03/08 680.11 413.00 194196 611.00 100.00 56.00 40.00 0.25 413.00
1999 03/09 680.44 645.00 195260 1064 101.00 56.00 31. 00 0.00 645.00
1999 03/10 680.73 580.00 196197 937.00 101.00 54.00 36.00 0.00 580.00
1999 03/11 680.96 488.00 196942 745.00 101. 00 62.00 31. 00 0.00 488.00
1999 03/12 681.16 438.00 197591 649.00 101.00 65.00 38.00 0.00 438.00
1999 03/13 681. 32 375.00 198112 521.00 101. 00 68.00 36.00 0.00 375.00
1999 03/14 490.00 101.00 60.00 43.00 0.00 485.00
1999 03/15 681. 70 354.00 i99350 489.00 101. 00 61.00 44.00 0.00 354.00
1999 03/16 681.84 334.00 199808 458.00 101.00 55.00 35.00 0.00 334.00
1999 03/17 681. 96 308.00 200200 392.00 103.00 64.00 35.00 0.00 308.00
1999 03/18 682.07 299.00 200560 360.00 107.00 66.00 38.00 0.00 299.00
1999 03/19 269.00 109.00 67.00 41.00 0.35 269.00

Lat~r ILatest

Warning! This data is preliminary and subject to revision.



Daily Stations: NEW HOGAN LAKE (CALAVERAS R)

Show NHG Man IPlot NHG Data 11 Month NHG Data IReal-Time NHG Data

Real-Time Data IGroup ofReal-Time Stations IDaily Data I Group ofDaily Stations
Monthly Data IHistorical Data ICustom Graph Plotter IText Reports

California Data Exchange Center Mail to Webmaster
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California Department of Water Resources Division of Flood Management "

CUttent lrJl;ef CoridlrJOIiS Snawpad SI:~ Rwct Stl.9e1/F~ FteserJow Oat-aJ ~PQru SM:ellite ImJlges SUtion lnforml.tioo

Oaf. QueI'! Tool' P",dpit""'n/lo,_ RJwr/Tide Fo,oc"l1 W-r Supply WO<ll!I.r forl1U$ll; T""t~\$

NEW HOGAN LAKE (NHG)
Elevation: 554' . CALAVERAS R basin' Operator: US Army Corps of Engineers

Current data as ofThursday at 11:53:50 .>i·:.

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

Date RES ELE FNF STORAGE RES CHG OUTFLOW TEMP MX TEMP MN PPT INC INFLOW
FEET CFS AF AF CFS DEG F DEG F INCHES CFS

Earlier

1999 03/19 269.00 109.00 67.00 41.00 0.35 269.00
1999 03/20 682.30 349.00 201314 109.00 63.00 38.00 0.03 349.00
1999 03/21 682.42 318.00 201709 395.00 110.00 65.00 35.00 0.01 318.00
1999 03/22 682.50 255.00 201972 263.00 111.00 64. 00 47.00 0.02 255.00
1999 03/23 682.60 284.00 202300 328.00 111.00 63.00 42.00 0.06 284.00
1999 03/24 682.68 254.00 202564 264.00 111.00 68.00 48.00 0.02 254.00
1999 03/25 682.76 259.00 202828 264.00 111.00 70.00 41.00 0.00 259.00
1999 03/26 682.78 211. 00 202894 66.00 164.00 67.00 33.00 0.00 211.00
1999 03/27 682.79 232.00 202926 32.00 200.00 64.00 31. 00 0.00 232.00
1999 03/28 682.78 194.00 202894 -32.00 195.00 64.00 30.00 0.00 209.00
1999 03/29 682.79 201. 00 202926 32.00 194.00 62. 00 32.00 0.00 201. 00
1999 03/30 682.78 199.00 202894 -32.00 202.00 59.00 33.00 0.49 199.00
1999 03/31 682;82 310.00 203025 131. 00 216.00 56.00 30.00 0.00 310.00
1999 04/01 682.84 244.00 203091 66.00 213.00 62.00 30.00 0.00 244.00
1999 04/02 682.83 211. 00 203058 -33.00 214.00 66.00 39.00 0.00 211.00

Later ILatest

Warning! This data is preliminary and subject to revision.



Daily Stations: NEW HOGAN LAKE (CALAVERAS R)

Sho~ NHG Man IPlot NHG Data 11 Month NHG Data IReal-Time NHG Data

Real-Time Data IGroup ofReal-Time Stations IDaily Data IGroup ofDaily Stations
Monthly Data IHistorical Data ICustom Graph Plotter IText Reports

California Data Exchange Center Mail to Webmaster
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California Department of Water Resources Division of FfoolJ Management _ '

OJI1'e.ntRlva COnditions SnowtpAd~ Rivet !ati.gd/f1o,wr.,l ltesef\l'OCr Oat.;ftepom SatelLite Imbge SQtion InlorrnUion

Dal. ~rvTool. P,odpitolionl~low RlvorITide Fo"",..ts _cr SupplV w...m.r For.....!> T.~.~..

NEW HOGAN LAKE (NHG)
Elevation: 554' . CALAVERAS R basin' Operator: US Anny Corps of Engineers

Current data as ofThursday at 11:54:24 ~ \j ,:.

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

----,i-rage J. ul;2

Date RES ELE
FEET

_--=-F-=.!NFc:... STORAGE RES CHG OUTFLOW TEMP MX TEMP MN PPT INC
CFS AF AF CFS DEG F DEG FINCHES

INFLOW
CFS

Earlier

1999 04/02 682.83 211.00 203058 -33.00 214.00 66.00 39.00 0.00 211. 00
1999 04/03 682.81 194.00 202992 -66.00 214.00 58.00 28.00 0.07 . 194.00
1999 04/04 682.80 210.00 202959 -33.00 214.00 62.00 29.00 0.00 210.00
1999 04/05 682.85 298.00 203124 165.00 214.00 46.00 36.00 0.53 298.00
1999 04/06 683.01 486.00 203653 529.00 214.00 56.00 39.00 0.00 486.00
1999 04/07 683.11 386.00 203983 330.00 214.00 49.00 45.00 0.02 386.00
1999 04/08 683.38 670.00 204877 894.00 215.00 50.00 28.00 0.52 670.00
1999 04/09 779.00 205972
1999 04/10 683.96 645.00 206804
1999 04/11 602.00 207738
1999, 04/12 684.50 535.00 208607
1999 04/13 684.72 469.00 209344 737.00
1999 04/14 684.91 430.00 209982 638.00
1999 04/15 685.06 387.00 210486 504.00
1999 04/16 685.19 385.00 210924 438.00

Later ILatest

Warning! This data is preliminary and subject to revision.



VaHy ~tauons: NbW HOGAN LAKE (CALAVERAS R)

Show NHG MaRl Plot NHG Data 11 Month NHG Data IReal-Time NHG Data

Real-Time Data IGroup ofReal-Time Stations IDailv Data IGroup ofDaily Stations
Monthly Data IHistorical Data ICustom Graph Plotter IText Reports

California Data Exchange Center Mail to Webmaster <1- - - -
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California Department of Water Resources Division of Flood Manage~en[

curre:l1tAJvet CcJt'ldltJoaj SQOWpd sra.<UI. Fttvet Sf&Qd/F~ Reservotr Oat.-JRepom SilttlUte Images ~tion InrormUioo

Dal. QlIervTocm P'edpit""nISf,_ RJ..'i~ FO'e<"ts w....., Supplv We;ah"Fo,oc:.,ts T...t ~fPOI"

NEW HOGAN LAKE (NHG)
Elevation: 554' . CALAVERAS R basin' Operator: US Army Corps of Engineers

Current data as a/Thursday at 11:54:57 .: ...,~ ':.

- - - - _.,-
J. Jge J.. .:.. ·2

Select a sensor name for a plot of recent data. Note: Reservoir Flows are daily averages.

Date RES ELE FNF STORAGE RES CHG OUTFLOW TEMP MX TEMP MN PPT INC INFLOW
FEET CFS AF AF CFS DEG F DEG F INCHES CFS

Earlier

1999 04/16 685.19 385.00 2~O924 438.00
1999 04/17 685.29 347.00 2~~261 337.00
1999 04/18 685.38 316.00 2~1565 304.00
1999 04/19 685.46 301. 00 2~1835 270.00
1999 04/20 685.51 264.00 2~2003 168.00
1999 04/21 685.53 268.00 2~2071 68.00
1999 04/22 685.51 222.00 2~2003 -68.00
1999 04/23 685.50 255.00 2~1970 -33.00
1999 04/24 685.46 200.00 2~1835 -135.00
1999 04/25 685.44 214.00 2~1767 -68.00
1999 04/26 685.42 196.00 2~1699 -68.00
1999 04/27 685.40 185.00 2~1632 -67.00
1999 04/28 685.38 163.00 2~1565 -67.00
1999 04/29 172.00
1999 04/30 685.34 196.00 2~1430

Later ILatest

Warning! This data is preliminary and subject to revision.



Daily Stations: NEW HOGAN LAKE (CALAVERAS R)

Show NHG_Manl Plot NHG Data 11 Month NHG Data IReal-Time NHG Data

Real-Time Data IGroup ofReal-Time Stations IDaily Data IGroup ofDaily Stations
Monthly Data IHistorical Data ICustom Graph Plotter IText Reports

California Data Exchange Center Mail to Webmaster i_ _ ~ __ ~ _ _ _ J
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Appendix 0

Releases from Pardee Dam
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California Department of Water Resources Division of Flood Management

Cu,'ent R.n'", Coml;l;"", Sn"",p;ttk ~t..tu, River St.Qe,,'T1ow, ~e~~"',)11 1I"lt3; I(~P(lIl< S..l<!II,.. In''''l'''' <""'.on Inform.,,,,"

[);ot.. Query Tool, P'l>("ip"."on,'Sna.... R"""n Jl;l~ 'oroK~~t~ W4t"r Suppl~ Weatller f o''!'<a~t~ T"Xl Ropo,,,

PARDEE

Map of surrounding area

ilStation ID -.JIPAR· 1~levation j[~68' ft
!IRiver Basin II=M=O=KE=L=U=MNE==R====~II=C=ou=n=ty==~IICALAVERAS I
IIHydrOIOgic ArealiSAN JOAQUIN RIVER REGION 1~=Ne=a=rb=y=C=it=y~llvALLEY SPRINGS I
I~titude 1138.2500oN I~gitude 11120.8500oW !
l[op~E!1..~o~...... 1[~!:lSt .~~¥_ M.':lnicip~ ~tilitI P~.~tr.:i.c~'P~~~.C~~lectio~]l!iA:!'.J'\.g~~~~GE!

The following data types are available online. Select one of the links below to retrieve recent data.

CHANGE IN STORAGE, af (QgjJ.y) From 10/01/1995 to present.
INCREMENTAL PRECIP, inches (QgjJ.y) From 10/01/1995 to present.
RESERVOIR ELEVATION, feet (QgjJ.y) From 10/01/1995 to present.
RESERVOIR INFLOW, cfs (daily) From 10/01/1995 to present.
RESERVOIR OUTFLOW, cfs (Q9i.ly) From 10/01/1995 to present.
RESERVOIR STORAGE, af (QgjJ.y) From 10/01/1995 to present.
ACCUMULATED PRECIP, inches (hourly) From 10/06/1997 to present.
RESERVOIR ELEVATION, feet (hourly) From 01/01/1997 to present.
RESERVOIR INFLOW, cfs (hourly) From 01/01/1997 to present.
RESERVOIR OUTFLOW, cfs (hourly) From 01/01/1997 to present.
RESERVOIR STORAGE, af (hourly) From 01/01/1997 to present.
RESERVOIR STORAGE, af (monthly) From 12/01/1945 to present.

:. ....... __ ....._..•.•........• .. .'_._--_•..._.- _.- .._---_.__._....._-_.~. ".'." ...._-._........-_.. --_....._-.. ..._.......,..._.•..•.•_,-_.__..-._ ....._~-,._._. __. _.. _._. ._-----_.._._.__.~ .._..._.._..__ ._......_..•- ...•_-_.---_ .._--_.. .

Real-Time Data I Group ofReal-Time Stations I Daily Data I Group ofDaily Stations
Monthly Data I Historical Data I Custom Graph Plotter I Text Reports

"
California Data Exchange Center Mail to Webmaster.

SnJ993:04
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Day of' the Month

PARDEE
RESERVOIR OUTFLOU

http://cdec.water.ca.gov/cgi-progsl...94&end_date=5%2F6%2F99&geom=800x

. '..
. '-'---"

Data from 05/06/1994 00:00 through 05/06/1999 00:00 . Duration: 1826days
Max of period: 6483 . Min of period: -9999

Show data IPlot earlier IPlot later
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C.alifornia Department of Water Resources ... . Division of flood Management :

4000
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CFS
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PARDEE (PAR)
Elevation: 568' . MOKELUMNE R basin' Operator: East Bay Municipal Utility District
Sensor ID number 3396

Plot generated Friday at 11:16:58

CDEC Plotter: PAR
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Real-Time Data I Group ofReal-Time Stations I Daily Data I Group ofDaily Stations
Monthly Data I Historical Data I Custom Graph Plotter I Text Reports
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Show data IPlot earlier IPlot later

California Department of Water Resources Division of Flood Management

Current R(~'~f condilion~ SnL"Wp.1<:k. St.dln RIVer Sto1Qel/rloOYi\ Rtos,ti='r'\IQ,r D,;H;a.'·J('!pl)!t~ S...t-rllitt 1",..i9~ ~f.,)tlon Infnrm~tJof;

Oat.. Query 1 001. "'r"':'I'"~tJon'Snow RI~"?r'" 1I1~ fQr~(~.n~ 'Ii ..le, SUI!I!I~ ....."'~rh"'r .(>I,!(<l~r~ lox, k.pml'

Real·Time Data I Group ofReal-Time Stations I Dailv Data I Group ofDaily Stations
Monthly Data I Historical Data I Custom Graph Plotter I Text Reports

1652.13

PARDEE
RESERVOIR OUTFLO~

..... J
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rPl '" ~. r---- n\to t ~.",--------'. .r•.w.r-J "' \ r\/ ---------~
"'Vfl,••~......
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Day or the Month 06-May-1999
DWR-CDEC

Data from 12/31/198900:00 through 05/06/1999 00:00 Duration: 3413days
Max of period: 6483 . Min of period: -9999
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Elevation: 568' . MOKELUMNE R basin· Operator: East Bay Municipal Utility District
Sensor ill number 3396

Plot generated Friday at 14:15:26
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California Data Exchange Center Mail to Webmaster
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California Department of Water Resources Division of Flood Management

Warning! This has not been reviewed for accuracy. Graphics produced using gQ

Elevation: 568' . MOKELUMNE R basin· Operator: East Bay Municipal Utility District

Day of the Month

PARDEE
RESERVOIR OUTFLOW

! \
I \

j \. .--- -----.--+-.... /
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(u,r.enl RAter Conditio".,. Snl:rW'p.tc\ S:t.du~ R'lIer Sot"ge\,:f1°w\ ~p"j,~r"OH Oat;l,'J{f?f)f)'" Sa1ttl1iltt Inl~t:J~ ~T;ltlon Infolm4lltlC>11

Disl.. Qu",y T001. P'K1p,r~1'On!!>".ow R!_.e, !I11;l~ ~or~(~w; VI ..I'" SUlJlJly, V;~iJlh!!r I O',?(ilS!~ l'ul R~pon~

800

1800

PAR
CFS

2400

1400

1600

10ee

2200

1209

2000

Query executed Friday, 05/07/199911:09 PDT

PARDEE (PAR)

From 60 days ago to now

Daily PAR datal Real-Time PAR data
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Real-Time Data I Group ofReal-Time Stations I Daily Data I Group ofDaily Stations
Monthly Data I Historical Data I Custom Graph Plotter I Text Reports
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California Data Exchange Center . Mail to Webmaster
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Show data I Plot earlier I Plot later

California Data Exchange Center Mail to Webmaster

54
Day of -the Month

PARDEE
RESERVOIR OUTFLO~

3

1----'-"',."..----------...".....,-----=-----------------====-0+1652.0
.../'

6
06-May-1999

DWR-CDEC

Data from 05/01/1999 00:00 through 05/06/1999 00:00 Duration: 5days
Max of period: 1661 . Min of period: 1644

MAY-99

PAR
CFS

1664
1662

16613 """
1658 t-......".....,----------------------------t
1656
1654
1652
16513
1648

1646
1644 2

Real-Time Data I Group ofReal-Time Stations I Daily Data I Group ofDaily Stations
Monthly Data I Historical Data I Custom Graph Plotter I Text Reports

Cu,,~nt Ri\'et' CDndj'lotl~ SrU.1Wp.s.c.k. St..illn R,vttr Stltc;2e,.'rtOW\ Rf.'S!l?I'\l'Qif U~tiJ:,~~pl)r'{~ s...t~llltt InI.sg~ ....UIlOn InrmJ1U1ttOJl

Dat.. Qy",V Tool. P'Klpllolhon,' Snow Rive,; JId~ fO''!'C~SI~ 111..1'" Supply Vl''''~tlle, I o''!'Cas!~ l' ox, R.p<><n

California Department of Water Resources Division of Flood Management

PARDEE (PAR)
Elevation: 568' . MOKELUMNE R basin· Operator: East Bay Municipal Utility District
Sensor ID number 3396

Plot generated Friday at 13:45:01
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California Department of Water Resources Division of Flood Management

Cu""n' Rt\.", CDI'd;';"", ~t'l""'I...<l SI~lu~ II..", S"<1"':I'I""", Re~...",o" ltat~,lIepO't~ Sal4!lIil" Im"Q~ ~o1UOn Infntm.u,>I'

Oal ... Que,'y "rool, PrC"('·,plro\hon.'~IOW RJIp-.ertJJdl! fortKasr.; YlAter Supply W~ath.e' l-{HKit50U TIP'''I RrpOfn

PARDEE (PAR)
Elevation: 568' . MOKELUMNE R basin· Operator: East Bay Municipal Utility District
Sensor ID number 3396

Plot generated Friday at 13:47:12 ._./.
.. '

PAR
CFS

ll~~ ~~~~~~~~~~~~~~~~~~~~_~_~~,~,~§~~~~,~ .....~-~~165e.e1609 - --. -
1559
1500
1450
1409
1350
1300
1250

1200 ~=========::t====+=============t1150
1100 1-----------+----+----------------1
1050 I------------\-----,i--.,---------------IHl00 /
950 .1-;~~~~I___:!:____:I___:!~!:_:_i':--:-l~!:"'-71-r---J~~~~::_:_l:__=l:__=l~=_=':__=l~~:_::!::_::!::_::!::_::!:~
900 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1

Day o' the Month 01-May-1999
m~R-CDEC

Data from 03/31/1999 00:00 through 05/01/1999 00:00 Duration: 31days
Max of period: 1650 . Min of period: 900

Show data I Plot earlier I Plot later
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I
08/23/1994
08/24/1994
08/25/1994
08/26/1994

I 08/27/1994
08/28/1994
08/29/1994 9.00 cfs
08/30/1994

I 08/31/1994
09/01/1994
09/02/1994
09/03/1994

I 09/04/1994
09/05/1994 282.00 cfs
09/06/1994

I
09/07/1994
09/08/1994
09/09/1994
09/10/1994

I
09/11/1994
09/12/1994 444.00 cfs
09/13/1994
09/14/1994

I
09/15/1994
09/16/1994
09/17/1994
09/18/1994

I 09/19/1994 446.00 cfs
09/20/1994
09/21/1994
09/22/1994

I 09/23/1994
09/24/1994
09/25/1994
09/26/1994 9.00 cfs

I 09/27/1994
09/28/1994
09/29/1994

I
09/30/1994
10/01/1994
10/02/1994
10/03/1994 444.00 cfs

I
10/04/1994
10/05/1994
10/06/1994
10/07/1994

I
10/08/1994

10/0911994
10/10/1994 445.00 cfs
10/11/1994

I
10112/1994
10/13 /1994
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I 10/14/1994
10/15/1994

I
10/16/1994
10/17/1994 10.00 cfs
10/18/1994
10/19/1994

I
10/20/1994
10/21/1994
10/22/1994
10/23/1994

I
10/24/1994
10/25/1994
10/26/1994
10/27/1994

I 10/28/1994
10/29/1994
10/30/1994
10/31/1994 444.00 cfs

I 11/01/1994
11/02/1994
11/03/1994

I
11/04/1994
11/05/1994
11/06/1994
11/07/1994

I
11/08/1994
11/09/1994
11/10/1994
11/11/1994

I
11/12/1994
11/13/1994
11/14/1994
11/15/1994

I
11/16/1994
11/17/1994
11/18/1994
11/19/1994

I 11/20/1994
11/21/1994 449.00 cfs
11/22/1994 449.00 cfs
11/23/1994

I 11/24/1994
11/25/1994
11/26/1994
11/27/1994

I 11/28/1994 455.00 cfs
11/29/1994 455.00 cfs
11130/1994

I
12/01/1994
12/02/1994
12/03/1994
12/04/1994

I
12/05/1994
12/06/1994
12/07/1994
12/08/1994

I
12/09/1994
12/10/1994
12/11/1994
12/12/1994 446.00 cfs

I 12/13/1994

12/14/1994
12/15/1994
12/16/1994

I 12/17/1994
12/18/1994
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I 12/19/1994 439.00 cfs
12/20/1994

I
12/21/1994
12/22/1994
12/23/1994
12/24/1994

I
12/25/1994
12/26/1994 440.00 cfs
12/27/1994
12/28/1994

I 12/29/1994
12130/1994
12131/1994
01/01/1995

I 01/02/1995 440.00 cfs
01/03/1995
01/04/1995

I
01/05/1995
01/06/1995
01/07/1995
01/08/1995

I
01/09/1995 1409.00 cfs
01/10/1995 433.00 cfs
01/11/1995 449.00 cfs
01/12/1995

I
01/13/1995
01/14/1995
01/15/1995
01/16/1995

I
01/17/1995
01/18/1995
01/19/1995
01/20/1995

I 01/21/1995
01/22/1995
01/23/1995
01/24/1995

I 01/25/1995
01/26/1995 1843.00 cfs
01/27/1995
01/28/1995

I 01/29/1995
01/30/1995 2226.00 cfs
01131/1995

I
02/01/1995
02/02/1995
02/03/1995
02/04/1995

I
02/05/1995
02/06/1995 1161.00 cfs
02/07/1995
02/08/1995

I
02/09/1995
02/10/1995
02/11/1995
02/12/1995

I
02/13/1995 892.00 cfs
02/14/1995
02/15/1995
02/16/1995

I: 02/17/1995
02/18/1995
02/19/1995
02/20/1995 675.00 cfs

I 02/21/1995
O?/??/lc)c)"j
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·02/23/1995
02/24/1995

I 02/25/1995
02/26/1995
02/27/1995
02/28/1995

I 03/01/1995
03/02/1995
03/03/1995

I
03/04/1995
03/05/1995
03/06/1995 1575.00 cfs
03/07/1995

I
03/08/1995
03/09/1995
03/10/1995
03/11/1995

I
03/12/1995
03/13/1995 4170.00 cfs
03/14/1995
03/15/1995

I
03/16/1995
03/17/1995
03/18/1995
03/19/1995

I 03/20/1995
03/21/1995
03/22/1995
03/23/1995

I 03/24/1995
03/25/1995
03/26/1995
03/27/1995 1966.00 cfs

I 03/28/1995
03/29/1995
03130/1995

I
03131/1995
04/01/1995
04/02/1995
04/03/1995 1865.00 cfs

I
04/04/1995
04/05/1995
04/06/1995
04/07/1995

I
04/08/1995
04/09/1995
04/10/1995 2456.00 cfs
04/11/1995

I
04/12/1995
04/13/1995
04/14/1995
04/15/1995

I 04/16/1995
04/17/1995 1871.00 cfs
04/18/1995
04/19/1995

I 04/20/1995
04/21/1995

.04/22/1995

I
04/23/1995

04/24/1995 1768.00 cfs
04/25/1995
04/26/1995

I
04/27/1995
04/28/1995
fllll?O/10Qc;
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04/30/1995
05/01/1995

I 05/02/1995
05/03/1995
05/04/1995
05/05/1995

I 05/06/1995
05/07/1995
05/08/1995

I
05/09/1995
05/10/1995
05/11/1995
05/12/1995

I
05/13/1995
05/14/1995
05/15/1995
05/16/1995

I
05/17/1995
05/18/1995
05/19/1995
OS/20/1995

I
OS/21/1995
OS/22/1995
OS/23/1995
OS/24/1995

I OS/25/1995
OS/26/1995
OS/27/1995
OS/28/1995

I OS/29/1995
05/30/1995
05/31/1995
06/01/1995

I 06/02/1995
06/03/1995
06/04/1995

I
06/05/1995
06/06/1995
06/07/1995
06/08/1995

I
06/09/1995
06/10/1995
06/11/1995
06/12/1995

I
06/13/1995
06/14/1995
06/15/1995
06/16/1995

I: 06/17/1995
06/18/1995
06/19/1995
06/20/1995

I 06/21/1995
06/22/1995
06/23/1995
06/24/1995I, 06/25/1995
06/26/1995
06/27/1995

I
06/28/1995

06129/1995
06130/1995
07/01/1995

I
07/02/1995
07/03/1995
"..."r'\If',nnc

I "31

2675.00 cfs

5111.00 cfs

4204.00 cfs

4245.00 cfs
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07/05/1995
07/06/1995
07/07/1995
07/08/1995
07/09/1995
07/10/1995
07/11/1995
07/12/1995
07/13/1995
07/14/1995
07/15/1995
07/16/1995
07/17/1995
07/18/1995
07/19/1995
07/20/1995
07/21/1995
07/22/1995
07/23/1995
07/24/1995
07/25/1995
07/26/1995
07/27/1995
07/28/1995
07/29/1995
07/30/1995
07/31/1995
08/01/1995
08/02/1995
08/03/1995
08/04/1995
08/05/1995
08/06/1995
08/07/1995
08/08/1995
08/09/1995
08/10/1995
08/11/1995
08112/1995
08/13/1995
08/14/1995
08/15/1995
08/16/1995
08/17/1995
08/18/1995
08/19/1995
08/20/1995
08/21/1995
08/22/1995
08/23/1995
08/24/1995
08/25/1995
08/26/1995
08/27/1995
08/28/1995
08/2911995
08/30/1995
08/31/1995
09/01/1995
09/02/1995

09/03/1995
09/04/1995
09/05/1995
09/06/1995
09/07/1995

1313.00 cfs

1251.00 cfs
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09/0911995
09/1011995
09/1111995
09/1211995
09/13/1995
09/14/1995
09/15/1995
09/16/1995
09/17/1995
09/18/1995
09/19/1995
09/20/1995
09/21/1995
09/22/1995
09/23/1995
09/24/1995
09/25/1995
09/26/1995
09/27/1995
09/28/1995
09/29/1995
09/30/1995
10/01/1995
10/02/1995
10/03/1995
10/04/1995
10/05/1995
10/06/1995
10/07/1995
10/08/1995
10/09/1995
10/10/1995
10/11/1995
10/12/1995
10/13/1995
10/14/1995
10/15/1995
10/16/1995
10/17/1995
10/18/1995
10/19/1995
10/20/1995
10/21/1995
10/2211995
10/23/1995
10/24/1995
10/25/1995
10/26/1995
10/27/1995
10/28/1995
10/29/1995
10/30/1995
10/31/1995
11/01/1995
11/02/1995
11/03/1995
11/04/1995
11/05/1995
11/0611995
11/07/1995
11/08/1995
11/09/1995
11/10/1995
11/11/1995
11/12/1995

15.00 cfs

39.00 cfs
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I 11/13/1995 5.00 cfs
11/14/1995

I
11/15/1995
11/16/1995
11/17/1995
11/18/1995

I
11/19/1995
11/20/1995 5.00 cfs
11/21/1995
11/22/1995

I 11/23/1995
11/24/1995
11/25/1995
11/26/1995

I 11/27/1995 1005.00 cfs
11/28/1995
11/29/1995
11/30/1995

I 12/01/1995
12/02/1995
12/03/1995

I
12/04/1995
12/05/1995
12/06/1995
12/07/1995

I
12/08/1995
12/09/1995
12/10/1995
12/11/1995

I
12/12/1995
12/13/1995
12/14/1995
12/15/1995

I
12/16/1995
12/17/1995
12/18/1995
12/19/1995

I 12/20/1995
12/21/1995
12/22/1995
12/23/1995

I 12/24/1995
12/25/1995
12/26/1995

I
12/27/1995
12/28/1995
12/29/1995
12/30/1995

I
12/31/1995
01/01/1996
01/02/1996
01/03/1996

I
01/04/1996
01/05/1996
01/06/1996
01/07/1996

I
01/08/1996 9.00 cfs
01/09/1996
01/10/1996
01/11/1996

I 01/12/1996
01/13/1996
01/14/1996
01/15/1996

I 01/16/1996
01/17/1996
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I 01/18/1996
01/19/1996

I
01/20/1996
01/21/1996
01/22/1996
01/23/1996

I
01/24/1996
01/25/1996
01/26/1996
01/27/1996

I
01/28/1996
01/29/1996
01/30/1996
01/31/1996

I 03/04/1996
03/25/1996
04/01/1996
04/02/1996

I 04/03/1996
04/04/1996
04/05/1996
04/06/1996

I 04/07/1996
04/08/1996
04/09/1996,- 04/10/1996
04/11/1996
04/12/1996
04/13/1996

I
04/14/1996
04/15/1996
04/16/1996
04/17/1996

I
04/18/1996
04/19/1996
04/20/1996
04/21/1996

I
04/22/1996
04/23/1996
04/24/1996
04/25/1996

I 04/26/1996
04/27/1996
04/28/1996
04/2911996

I 04/30/1996
05/01/1996
05/02/1996
05/03/1996

I 05/04/1996
05/05/1996
05/06/1996

I
05/07/1996
05/08/1996
05/09/1996
05/10/1996

I
05/11/1996
05/12/1996
05/13/1996
05/14/1996

I
05/15/1996
05/16/1996
05/17/1996
05/18/1996

I' 05/19/1996
OS/20/1996

1 31

188.00 cfs

1487.00 cfs
1895.00 cfs

I
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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OS/21/1996
OS/22/1996
OS/23/1996
OS/24/1996
OS/25/1996
OS/26/1996
OS/27/1996
OS/28/1996
OS/29/1996
05/30/1996
05/31/1996
06/01/1996
06/02/1996
06/03/1996
06/04/1996
06/05/1996
06/06/1996
06/07/1996
06/08/1996
06/09/1996
06/10/1996
06/11/1996
06/12/1996
06/13/1996
06/14/1996
06/15/1996
06/16/1996
06/17/1996
06/18/1996
06/19/1996
06/20/1996
06/21/1996
06/22/1996
06/23/1996
06/24/1996
06/25/1996
06/26/1996
06/27/1996
06/28/1996
06/29/1996
06/30/1996
07/01/1996
07/02/1996
07/03/1996
07/04/1996
07/05/1996
07/06/1996
07/07/1996
07/08/1996
07/09/1996
07/10/1996
07/11/1996
07/12/1996
07/13/1996
07/14/1996
07/15/1996
07/16/1996
07/17/1996
07/18/1996
07/19/1996
07/20/1996
07/21/1996
07/22/1996
07/23/1996
07/24/1996
07/25/1996
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

07/26/1996
07/27/1996
07/28/1996·
07/29/1996
07/30/1996
07/31/1996
08/01/1996
08/02/1996
08/03/1996
08/04/1996
08/05/1996 .
08/06/1996
08/07/1996
08/08/1996
08/09/1996
08/10/1996
08/1111996
08/12/1996
08113/1996
08/14/1996
08/15/1996
08/1611996
08/17/1996
08/18/1996
08/1911996
08/20/1996
08/21/1996
08/22/1996
08/23/1996
08/24/1996
08/2511996
08/26/1996
08/27/1996
08/28/1996
08/2911996
08/30/1996
08/3111996
09/01/1996
09/0211996
09/0311996
09/04/1996
09/05/1996
09/06/1996
09/07/1996
09/08/1996
09/09/1996
09/10/1996
09/11/1996
09/12/1996
09/13/1996
09/14/1996
09/15/1996
09/16/1996
09/17/1996
09/18/1996
09/19/1996
09/20/1996
09/21/1996
09/22/1996
09/23/1996
09/24/1996
09/25/1996
09/26/1996
09/27/1996
09/28/1996
OQ/?Q/1Qqh

I

I
I

i
i

I
I

I
I

I
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I
I
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09/30/1996
10/01/1996

I 10/02/1996
10/03/1996
10/04/1996
10/05/1996

I 10/06/1996
10/07/1996
10/08/1996
10/09/1996

I 10/10/1996
10/11/1996
10/12/1996

I
10/13/1996
10/14/1996
10/15/1996
10/16/1996

I
10/17/1996
10/18/1996
10/19/1996
10/20/1996

I
10/21/1996
10/22/1996
10/23/1996
10/24/1996

I
10/25/1996
10/26/1996
10/27/1996
10/28/1996

I 10/29/1996
10/30/1996
10/31/1996
11/01/1996

I 11/02/1996
11/03/1996
11/04/1996
11/05/1996

I 11/06/1996
11/07/1996
11/08/1996

I
11/09/1996
11/10/1996
11/11/1996
11/12/1996

I
11/13/1996
11/14/1996
11/15/1996
11/16/1996

I
11/17/1996
11/18/1996
11/19/1996
11/20/1996

I 11/21/1996
11/22/1996
11/23/1996
11/24/1996

I 11/25/1996
11/26/1996
11/27/1996
11/28/1996

I 11/29/1996
11/30/1996
12/01/1996 -9999.00 cfs

1-
12/02/1996 -9999.00 cfs
12/03/1996 -9999.00 cfs
1')/1"\11/1001': _0000 1"\1"\ ,..Fc-
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12/05/1996 -9999.00 cfs
12/06/1996 -9999.00 cfs

I 12/07/1996 -9999.00 cfs
12/08/1996 -9999.00 cfs
12/09/1996 -9999.00 cfs
12/10/1996 -9999.00 cfs

I 12/11/1996 -9999.00 cfs
12/12/1996 -9999.00 cfs
12/13/1996 -9999.00 cfs

I
12/14/1996 -9999.00 cfs
12/15/1996 -9999.00 cfs
12/16/1996 -9999.00 cfs
12/17/1996 -9999.00 cfs

I
12/18/1996 -9999.00 cfs
12/19/1996 -9999.00 cfs
12/20/1·996 -9999.00 cfs
12/21/1996 -9999.00 cfs

I
12/22/1996 -9999.00 cfs
12/23/1996 -9999.00 cfs
12/24/1996 -9999.00 cfs
12/25/1996 -9999.00 cfs

I
12/26/1996 -9999.00 cfs
12/27/1996 -9999.00 cfs
12/28/1996 -9999.00 cfs
12/29/1996 -9999.00 cfs

I 12/30/1996 -9999.00 cfs
12/31/1996 -9999.00 cfs
01/01/1997 -9999.00 cfs
01/02/1997 -9999.00 cfs

I 01/03/1997 -9999.00 cfs
01/04/1997 -9999.00 cfs
01/05/1997 -9999.00 cfs
01/06/1997 -9999.00 cfs

I 01/07/1997 -9999.00 cfs
01/08/1997 -9999.00 cfs
01/09/1997 -9999.00 cfs

I
01/10/1997 -9999.00 cfs
01/11/1997 -9999.00 cfs
01/12/1997 -9999.00 cfs
01/13/1997 -9999.00 cfs

I
01/14/1997 -9999.00 cfs
01/15/1997 -9999.00 cfs
0111611997 -9999.00 cfs
.01/17/1997 -9999.00 cfs

I
01/18/1997 -9999.00 cfs
01/19/1997 -9999.00 cfs
01/20/1997 -9999.00 cfs
01/21/1997 -9999.00 cfs

I
01/22/1997
01/23/1997
01/24/1997
01/25/1997

I 01/26/1997
01/27/1997
01/28/1997
01/29/1997

I 01/30/1997
01/31/1997
02/01/1997

I
02/02/1997
02/03/1997
02/04/1997
02/05/1997

I
02/06/1997
02/07/1997
A"'" 'An '"1 n",...,
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02/09/1997
02/10/1997
02/11/1997
02/12/1997
02/13/1997
02/14/1997
02/15/1997
02/16/1997
02/17/1997
02/18/1997
02/19/1997
02/20/1997
02/21/1997
02/22/1997
02/23/1997
02/24/1997
02/25/1997
02/26/1997
02/27/1997
02/28/1997
03/01/1997
03/02/1997
03/03/1997
03/04/1997
03/05/1997
03/06/1997
03/07/1997
03/08/1997
03/09/1997
03/10/1997
03/11/1997
03/12/199'7
03/13/1997
03/14/1997
03/1511997
03/16/1997
03/1711997
03/18/1997
03/19/1997
03/20/1997
03/21/1997
03/22/1997
03/23/1997
03/24/1997
03/25/1997
03/2611997
03/27/1997
03/28/1997
03/29/1997
03/3011997
03/31/1997
04/01/1997
04/02/1997
04/03/1997
04/04/1997
04/05/1997
04/06/1997
04/07/1997
04/08/1997
04/09/1997
04/10/1997
04/1111997
04/12/1997
04/13/1997
04/14/1997
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04/16/1997
04/17/1997
04/18/1997
04/19/1997
04/20/1997
04/21/1997
04/22/1997
04/23/1997
04/24/1997
04/25/1997
04/26/1997
04/27/1997
04/28/1997
04/29/1997
04130/1997
05/01/1997
05/02/1997
05/03/1997
05/04/1997
05/05/1997
05/06/1997
05/0711997
05/08/1997
05/09/1997
05/10/1997
05/11/1997
05/12/1997
05/13/1997
05114/1997
05/15/1997
05/1611997
05117/1997
0511811997
05119/1997
OS/20/1997
OS/2111997
OS/22/1997
OS/23/1997
OS/2411997
OS/25/1997
OS/2611997
OS/27/1997
OS/28/1997
OS/29/1997
05/30/1997
05/3111997
06/0111997
06/02/1997
06/03/1997
06/04/1997
06/05/1997
06/06/1997
06/0711997
06/0811997
06/09/1997
06/10/1997
06/11/1997
06/12/1997
06/13/1997
06/14/1997
06/15/1997
06/16/1997
0611711997
06118/1997
06119/1997
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06/20/1997
06/21/1997
06/22/1997
06/23/1997
06/24/1997
06/25/1997
06/26/1997
06/27/1997
06/28/1997
06/29/1997
06/30/1997
07/01/1997
07/02/1997
07/03/1997
07/04/1997
07/05/1997
07/06/1997
07/07/1997
07/08/1997
07/09/1997
07/10/1997
07/11/1997
07/12/1997
07/13/1997
07/14/1997
07/15/1997
07/16/1997
07/17/1997
07/18/1997
07/19/1997
07/20/1997
07/21/1997
07/22/1997
07/23/1997
07/2411997
07/25/1997
07/26/1997
07/27/1997
07/28/1997
07/29/1997
07/30/1997
07/31/1997
08/01/1997
08/02/1997
08/03/1997
08/04/1997
08/05/1997
08/0611997
08/07/1997
08/08/1997
08/09/1997
08/10/1997
08/11/1997
08/12/1997
08/13/1997
08/14/1997
08/15/1997
08/16/1997
08117/1997
08118/1997
08/19/1997
08/20/1997
08/21/1997
08/22/1997
08/2311997
08/24/1997
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I
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08/25/1997
08/26/1997
08/27/1997
08/28/1997
08/29/1997
08/30/1997
08/31/1997
09/01/1997
09/0211997
09/03/1997
09/04/1997
09/05/1997
09/0611997
09/07/1997
09/08/1997
09/09/1997
09/10/1997
09/1111997
09/12/1997
09/13/1997
09/14/1997
09/1511997
09/16/1997
09/17/1997
09/1811997
09/19/1997
09/2011997
09/21/1997
09/22/1997
09/23/1997
09/24/1997
09/25/1997
09/26/1997
09/2711997
09/28/1997
09/29/1997
09/30/1997
10/01/1997
10/02/1997
10/03/1997
10/0411997
10/05/1997
10/0611997
10/07/1997
10/08/1997
10/0911997
10110/1997
10/11/1997
10/12/1997
10/1311997
10/14/1997
10/15/1997
10/1611997
10/17/1997
10/1811997
10/19/1997
10/20/1997
10/21/1997
10/22/1997
10/23/1997
10/2411997
10/25/1997
10/26/1997
10/27/1997
10/2811997
10/29/1997

315.00 cfs
460.00 cfs
707.00 cfs
708.00 cfs
707.00 cfs
708.00 cfs
708.00 cfs
374.00 cfs
315.00 cfs
726.00 cfs

1015.00 cfs
1019.00 cfs
1021.00 cfs
1022.00 cfs
1021.00 cfs
1022.00 cfs
1025.00 cfs
1024.00 cfs
1003.00 cfs
1009.00 cfs
1010.00 cfs
1030.00 cfs
1002.00 cfs

992.00 cfs
991.00 cfs
741.00 cfs
983.00 cfs
986.00 cfs

1028.00 cfs
832.00 cfs

1018.00 cfs
1016.00 cfs
1003.00 cfs

997.00 cfs
997.00 cfs
999.00 cfs
990.00 cfs
998.00 cfs
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I 10/30/1997 996.00 cfs
10/31/1997

I
11/01/1997 989.00 cfs
11/02/1997 988.00 cfs
11/03/1997 981. 00 cfs
11/04/1997 986.00 cfs

I
11/05/1997 980.00 cfs
11/06/1997 987.00 cfs
11/07/1997 984.00 cfs
11/08/1997 987.00 cfs

I 11/09/1997 990.00 cfs
11/10/1997 990.00 cfs
11/11/1997 990.00 cfs
11/12/1997 990.00 cfs

I 11/13 /1997 863.00 cfs
11/14/1997 682.00 cfs
11/15/1997 684.00 cfs
11/16/1997 681.00 cfs

I 11/17/1997 644.00 cfs
11/18/1997 633.00 cfs
11/19/1997 633.00 cfs

I
11/20/1997 631. 00 cfs
11/21/1997 657.00 cfs
11/22/1997 670.00 cfs
11/23/1997 671.00 cfs

I
11/24/1997 669.00 cfs
11/25/1997 673.00 cfs
11/26/1997 657.00 cfs
11/27/1997 651. 00 cfs

I
11/28/1997 642.00 cfs
11/29/1997 645.00 cfs
11/30/1997 645.00 cfs
12/01/1997 645.00 cfs

I 12/02/1997 548.00 cfs
12/03/1997 525.00 cfs
12/04/1997 527.00 cfs
12/05/1997 525.00 cfs

I 12/06/1997 548.00 cis
12/0711997 540.00 cfs
12/08/1997 539.00 cfs
12/09/1997 548.00 cfs

I 12/10/1997 568.00 cfs
12/11/1997 554.00 cfs
12/12/1997 566.00 cfs

I
12/13/1997 568.00 cfs
12/14/1997 567.00 cfs
12/15/1997 566.00 cfs
12/16/1997 491. 00 cfs

I
12/17/1997 459.00 cfs
12/18/1997 457.00 cis
12/19/1997 457.00 cfs
12/20/1997 457.00 cfs

I
12/21/1997 457.00 cfs
12/22/1997 458.00 cfs
12/23/1997 457.00 cfs
12/24/1997 458.00 cfs

I
12/25/1997 458.00 cis
12/26/1997 456.00 cfs
12/27/1997 305.00 cfs
12/28/1997 216.00 cfs

I 12/29/1997 201.00 cfs
12/30/1997 212.00 cfs
12/31/1997 212.00 cfs
01/01/1998 212.00 cfs

I 01/02/1998 212.00 cfs
01/03/1998 212.00 cfs

IIf31
Snl99 11:18 Af\



Ul-\... UUU\. LJ"'~",,' ild\.VJ..-.L. \.~.IVJ\..J-J..-\..".~I.".I..-",
jl,'t'.II ......................... , ..... ......... .::\,.1., .... ~.-P.Ve:>l~CI...: ........_u .......... - I ...
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I" 01/04/1998 213.00 cfs
01/05/1998 213.00 cfs

I
01/06/1998 213.00 cfs
01/07/1998 212.00 cfs
01/08/1998 213.00 cfs
01/09/1998 213.00 cfs

I 01/1011998 213.00 cfs
01/11/1998 213.00 cfs
01/12/1998 785.00 cfs
01/13/1998 1558.00 cfs

I 01/14/1998 1570.00 cfs
01/15/1998 1569.00 cfs
01/16/1998 1559.00 cfs
01/17/1998 1554.00 cfs

I 01/18/1998 1557.00 cfs
01/19/1998 1562.00 cfs
01/20/1998 1569.00 cfs
01/21/1998 1568.00 cfs

I 01/22/1998 1576.00 cfs
01/23/1998 1580.00 cfs
01/24/1998 1579.00 cfs

I
01/25/1998 1580.00 cfs
01/26/1998
01/27/1998 1553.00 cfs
01/28/1998 1562.00 cfs

I
01/29/1998 1557.00 cfs
01/30/1998 1240.00 cfs
01/31/1998 1218.00 cfs
02/01/1998 1220.00 cfs

I
02/02/1998 1219.00 cfs
02/03/1998 1443.00 cfs
02/04/1998 1557.00 cfs
02/05/1998 2613.00 cfs

I
02/06/1998 3996.00 cfs
02/07/1998 4000.00 cfs
02/08/1998 4035.00 cfs
02/09/1998 4032.00 cfs

I 0211011998 3866.00 cfs
02/11/1998 3225.00 cfs
02/12/1998 2828.00 cfs
02/13/1998 2538.00 cfs

I 02/14/1998 2472.00 cfs
02/15/1998 2538.00 cfs
02/16/1998 2294.00 cfs
02/17/1998 2051.00 cfs

I 02/18/1998 1700.00 cfs
02/19/1998 1543.00 cfs
02/20/1998 1528.00 cfs

I
02/21/1998 1537.00 cfs
02/22/1998 1529.00 cfs
02/23/1998 2259.00 cfs
02/24/1998 3105.00 cfs

I
02/25/1998 2520.00 cfs
02/26/1998 1833.00 cfs
02/27/1998
02/28/1998 1592.00 cfs

I
03/01/1998 1587.00 cfs
03/02/1998 1588.00 cfs
03/03/1998 1573.00 cfs
03/04/1998 1558.00 cfs

I 03/05/1998 1389.00 cfs
03/06/1998 1326.00 cfs
03/07/1998 1302.00 cfs
03/08/1998 1234.00 cfs

I 03/09/1998 1233.00 cfs
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I --,--,---- --- _.... -
03/11/1998 1231.00 cfs
03/12/1998 1227.00 cfs

I· 03/13/1998 1226.00 cfs
03/14/1998 1225.00 cfs
03/15/1998 1229.00 cfs
03/16/1998 1241. 00 cfs

I 03/17/1998 1243.00 cfs
03/18/1998 1252.00 cfs
03/19/1998 1265.00 cfs
03/20/1998 1278.00 cfs

I 03/21/1998 1213.00 cfs
03/22/1998 1555.00 cfs
03/23/1998 1586.00 cfs

I
03/24/1998 1620.00 cfs
03/25/1998 1619.00 cfs
03/26/1998 1606.00 cfs
03/27/1998 1598.00 cfs

I
03/28/1998 1551.00 cfs
03/29/1998 1540.00 cfs
03/30/1998 2135.00 cfs
03/31/1998 2856.00 cfs

I
04/01/1998 2986.00 cfs
04/02/1998 2947.00 cfs
04/03/1998 2804.00 cfs
04/04/1998 2997.00 cfs

I
04/05/1998
04/06/1998 2552.00 cfs
04/07/1998 2492.00 cfs
04/08/1998 2521. 00 cfs

I 04/09/1998 2339.00 cfs
04/10/1998 2207.00 cfs
04/11/1998 1987.00 cfs
04/12/1998 1883.00 cfs

I 04/13/1998 1932.00 cfs
04/14/1998 2434.00 cfs
04/15/1998 2705.00 cfs

I
04/16/1998 2485.00 cfs
04/17/1998 2267.00 cfs
04/18/1998 2271.00 cfs
04/19/1998 2254.00 cfs

I
04/20/1998 2195.00 cfs
04/21/1998 2508.00 cfs
04/22/1998 3003.00 cfs
04/23/1998 3619.00 cfs

I
04/24/1998 3897.00 cfs
04/25/1998 3575.00 cfs
04/26/1998 3178.00 cfs
04/27/1998 3180.00 cfs

I 04/28/1998 3443.00 cfs
04/29/1998 3741.00 cfs
04130/1998 3992.00 cfs
05/01/1998 4117.00 cfs

I 05/02/1998 4636.00 cfs
05/03/1998 5870.00 cfs
05/04/1998 4948.00 cfs
05/05/1998

I 05/06/1998
05/07/1998
05/08/1998

I
05/09/1998
05/10/1998
05/11/1998
05/12/1998

I
05/13 /1998 3637.00 cfs
05/14/1998 3448.00 cfs
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05/16/1998 2968.00 cfs
05/17/1998 3409.00 cfs

I 05/18/1998 3539.00 cfs
05/19/1998 2544.00 cfs
OS/20/1998 2429.00 cfs
OS/21/19.98 2523.00 cfs

I OS/22/1998 2442.00 cfs
OS/23/1998 2558.00 cfs
OS/24/1998 2593.00 cfs
OS/25/1998 2769.00 cfs

I OS/26/1998 3113.00 cfs
OS/27/1998 2670.00 cfs
OS/28/1998 2656.00 cfs

I
OS/29/1998 2854.00 cfs
05/30/1998 2628.00 cfs
05/31/1998 2499.00 cfs
06/01/1998 2809.00 cfs

I
06/02/1998 2974.00 cfs
06/03/1998 2993.00 cfs
06/04/1998 3087.00 cfs
06/05/1998 3292.00 cfs

I
06/06/1998 3447.00 cfs
06/07/1998 4313 . 00 cfs
06/08/1998 4201.00 cfs
06/09/1998 4757.00 cfs

I
06/10/1998 4975.00 cfs
06/11/1998 5251.00 cfs
06/12/1998 5190.00 cfs
06/13/1998 5529.00 cfs

I 06/14/1998 5543.00 cfs
06/15/1998 5408.00 cfs
06/16/1998 5384.00 cfs
06/17/1998 4883.00 cfs

I 06/18/1998 4509.00 cfs
06/19/1998 6483.00 cfs
06/20/1998 6411.00 cfs
06/21/1998 6065.00 cfs

I 06/22/1998 6126.00 cfs
06/23/1998 5656.00 cfs
06/24/1998 5061.00 cfs

I
06/25/1998 5094.00 cfs
06/26/1998 5698.00 cfs
06/27/1998
06/28/1998 4869.00 cfs

I
06/29/1998 4901. 00 cfs
06/30/1998 4951. 00 cfs
07/01/1998 4588.00 cfs
07/02/1998 4382.00 cfs

I
07/03/1998 4147.00 cfs
07/04/1998 4130.00 cfs
07/05/1998 3690.00 cfs
07/06/1998 3440.00 cfs

I 07/07/1998 3536.00 cfs
07/08/1998 3747.00 cfs
07/09/1998 3668.00 cfs
07/10/1998 2712.00 cfs

I 07111/1998 2570.00 cfs
07/12/1998 2619.00 cfs
07/13/1998 2368.00 cfs
07/14/1998 1636.00 cfs

I· 07/15/1998 1609.00 cfs
07/16/1998 1950.00 cfs
07/17/1998 1457.00 cfs

I
07/18/1998 1174.00 cfs
07/19/1998 914.00 cfs
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07/21/1998 804.00 cfs
07/22/1998 971. 00 cfs

I 07/23/1998 1112.00 cfs
07/24/1998 1135.00 cfs
07/25/1998
07/26/1998

I 07/27/1998 955.00 cfs
07/28/1998 1043.00 cfs
07/29/1998 1051.00 cfs
07/30/1998 1048.00 cfsI: 07/31/1998 1050.00 cfs
08/01/1998 839.00 cfs
08/02/1998 828.00 cfs

I
08/03/1998 824.00 cfs
08/04/1998 818.00 cfs
08/05/1998 911.00 cfs
08/06/1998 1029.00 cfs

I
08/07/1998 945.00 cfs
08/08/1998
08/09/1998 914.00 cfs
08/10/1998 742.00 cfs

I
08/11/1998
08/12/1998
08/13/1998 742.00 cfs
08/14/1998 897.00 cfs

I
08/15/1998 1050.00 cfs
08/16/1998 1056.00 cfs
08/17/1998 1037.00 cfs
08/18/1998 1021. 00 cfs

I 08/19/1998 1059.00 cfs
08/20/1998 1064.00 cfs
08/21/1998 1044.00 cfs
08/22/1998 705.00 cfs

I 08/23/1998
08/24/1998 1009.00 cfs
08/25/1998 1017.00 cfs
08/26/1998 984.00 cfs

I 08/27/1998 1022.00 cfs
08/28/1998 1013.00 cfs
08/29/1998 703.00 cfs

I
08/30/1998 707.00 cfs
08/31/1998 889.00 cfs
09/01/1998 1058.00 cfs
09/02/1998 1065.00 cfs

I
09/03/1998 1066.00 cfs
09/04/1998 1049.00 cfs
09/05/1998 1060.00 cfs
09/06/1998 1065.00 cfs

I
09/07/1998 1070.00 cfs
09/08/1998 1064.00 cfs
09/09/1998 1063.00 cfs
09/10/1998 1058.00 cfs

I 09/1111998 1057.00 cfs
09/12/1998 1053.00 cfs
09/13/1998 1052.00 cfs
09/14/1998 1055.00 cfs

I 09/15/1998 1068.00 cfs
09/16/1998 1062.00 cfs
09/17/1998 993.00 cfs
09/18/1998 976.00 cfs

I 09/19/1998 996.00 cfs
09/20/1998 995.00 cfs
09/21/1998 996.00 cfs

I
09/22/1998 994.00 cfs
09/23/1998 738.00 cis
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09/25/1998
09/26/1998
09/27/1998
09/28/1998
09/29/1998
09/30/1998
10/01/1998
10/02/1998
10/03/1998
10/04/1998
10/05/1998
10/06/1998
10/07/1998
10/08/1998
10/09/1998
10/10/1998
10/11/1998
10/12/1998
10/13/1998
10/14/1998
10/15/1998
10/16/1998
10/17/1998
10/18/1998
10/19/1998
10/20/1998

. 10/21/1998
10/22/1998
10/23/1998
10/24/1998
10/25/1998
10/26/1998
10/27/1998
10/28/1998
10/29/1998
10/30/1998
10/31/1998
11/01/1998
11/02/1998
11/03/1998
11/04/1998
11/05/1998
11/06/1998
11/07/1998
11/08/1998
11/09/1998
11/10/1998
11/11/1998
11/12/1998
11/13/1998
11/14/1998
11/15/1998
11/16/1998
11/17/1998
11/18/1998
11/19/1998
11/20/1998
11/21/1998
11/22/1998
11/23/1998
11/24/1998
11/25/1998
11/26/1998
11/27/1998
11/28/1998

1bb.UU crs
767.00 cfs
718.00 cfs
718.00 cfs
660.00 cfs
656.00 cfs
656.00 cfs
878.00 cfs

1053.00 cfs
1044.00 cfs
1047.00 cfs
1041.00 cfs
1044.00 cfs
1067.00 cfs
1109.00 cfs
1098.00 cfs
1095.00 cfs
1100,00 cfs
1108.00 cfs
1096.00 cfs
1087.00 cfs
1079.00 cfs
1057.00 cfs
1079.00 cfs
1080.00 cfs
1081.00 cfs
1081.00 cfs
1138.00 cfs

1092.00 cfs
1091.00 cfs

969.00 cfs
962.00 cfs
965.00 cfs
711.00 cfs
662.00 cfs
662.00 cfs
662.00 cfs
662.00 cfs
662.00 cfs
661.00 cfs
662.00 cfs
657.00 cfs
631.00 cfs
630.00 cfs
625.00 cfs
640.00 cfs
652.00 cfs
652.00 cfs
630.00 cfs
623.00 cfs
640.00 cfs
641. 00 cfs
644.00 cfs
641.00 cfs
644.00 cfs
641.00 cfs
640.00 cfs
643.00 cfs
640.00 cfs
642.00 cfs
639.00 cfs
640.00 cfs
640.00 cfs
637.00 cfs
641.00 cfs
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I 11/29/1998 634.00 cfs
11/30/1998 609.00 cfs

I
12/01/1998 917.00 cfs
12/02/1998 932.00 cfs
12103/1998 1028.00 cfs
12/04/1998 1075.00 cfs

I
12/05/1998 1070.00 cfs
12/06/1998 1070.00 cfs
12/07/1998 1069.00 cfs
12/08/1998 1069.00 cfs

I
12/09/1998
12/10/1998 647.00 cfs
12/11/1998 640.00 cfs
12/12/1998 639.00 cfs

I 12/13/1998 639.00 cfs
12/14/1998 639.00 cfs
12/15/1998 638.00 cfs
12/16/1998 635.00 cfs

I 12/17/1998 638.00 cfs
12/18/1998 638.00 cfs
12/19/1998 639.00 cfs
12/20/1998 634.00 cfs

I 12/21/1998 635.00 cfs
12/22/1998 674.00 cfs
12/23/1998 634.00 cfs

I
12/24/1998
12/25/1998 633.00 cfs
12/26/1998
12/27/1998 631. 00 cfs

I
12/28/1998 635.00 cfs
12/29/1998 633.00 cfs
12/30/1998 633.00 cfs
12/31/1998 752.00 cfs

I
01/01/1999 842.00 cfs
01/02/1999 842.00 cfs
01/03/1999 842.00 cfs
01/04/1999 810.00 cfs

I
01/05/1999 843.00 cfs
01/06/1999 841.00 cfs
01/07(1999 687.00 cfs
01/08/1999 603.00 cfs

I 01/09/1999 603.00 cfs
01/10/1999 516.00 cfs
01/11/1999 508.00 cfs
01/12/1999 509.00 cfs

I 01/13/1999 508.00 cfs
01/14/1999 508.00 cfs
01/15/1999 506.00 cfs
01/16/1999 507.00 cfs

I 01/17/1999 507.00 cfs
01/18/1999 505.00 cfs
01/19/1999 570.00 cfs

I
01/20/1999 1219.00 cfs
01/21/1999 1514.00 cfs
01/22/1999 1508.00 cfs
01/23/1999 1507.00 cfs

I
01/24/1999 1522.00 cfs
01(25(1999 1489.00 cfs
01/26/1999 1472.00 cfs
01/27/1999

I
01/28/1999 1462.00 cfs
01/29/1999 1467.00 cfs
01/30/1999 1476.00 cfs
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Appendix E
Pre-, During-, and Post-Restoration Site Water
Budget
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APPENDIXE

Pre-, During-, and Post-Restoration Site Water Budget

Three water budgets have been produced for the Penn Mine Site: the first water budget
describes pre-restoration conditions, the second water budget describes the site during
restoration, and the third water budget estimates post-restoration conditions. These
water budgets are largely based on calculations performed by CH2MHill for the Interim
Effectiveness Monitoring Report (CH2M Hill, 1999b).

For consistency, the six water budget components described in Addendum 3, Monitoring
and Evaluation ofStage II Site Activities (CH2M Hill, 1999a) and the Interim Effectiveness
Monitoring Report (CH2M Hill, 1999b) are used in the current water budgets. The six
water budget components include three components of inflow into the Penn Mine Site,
and three components of outflow from the Penn Mine Site. The six components of the
water balance are listed in Table 1.

Figures 1 through 3 display conceptual block diagrams of each water budget component
for pre-restoration, restoration, and post-restoration periods. Flow quantities for each of
the components during each period are estimated below.

Pre-Restoration Period

Inflow from Direct Precipitation, Ql

Inflow from direct precipitation is calculated as the product of the average precipitation
and the area of the Penn Mine Site. The average precipitation measured at the Camp
Pardee rain gauge is 21.17 inches per year (California Department of Water Resources
web site, 1999). The area of the Penn Mine site is 60.4 acres (Golder Associates, 1996).
The resulting direct precipitation is calculated as:

. 1 foot
Q1 = 21.17 mches x x 60.4 acres

12 inches

Q. = 106.56 acre - feet / year

Groundwater Inflow from Shallow Bedrock, Q2

The largest quantity of groundwater inflow from shallow bedrock appears to originate
from Mine Shaft 4 in the Hinkley Run. Estimates of the annual average flow from Mine

Shaft 4suggested average flows of approximately 20 gallons per minute, or 32.3 acre­
feet per year (CH2M Hill, 1999a).

Davy (1992, Appendix 2) estimated flow from the Hinkley Creek spring at 2 gallons per
minute, or 3.2 acre-feet per year. Additional, minor seeps are shown on recent site
drawings by CH2M HILL. Five seeps are mapped in the Mine Run. Assuming each
seep contributes approximately 0.5 gallons per minute, and an equivalent number of
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seeps occur in the Hinkley Run, these seeps add 5 gallons per minute to the inflow from
shallow bedrock.

The total shallow bedrock inflow is the sum of the Mine Shaft 4 flow, the Hinkley Creek
spring flow, and the flow from seeps. These components total 27 gallons per minute, or
43.5 acre-feet per year.

Evapotranspiration, Q3
Evapotranspiration comprises evaporation from surface water bodies and transpiration
through plants. Table 4.11 in the Draft EIR lists the pre-restoration evaporation as 27.77
acre-feet per year.

Estimates of Transpiration are not explicitly calculated for the pre-restoration water
balance, but are accounted for in calculations for Q4, below.

Surface Water and Shallow Alluvial Groundwater Discharge to Camanche
Reservoir, Q4

The shallow water and shallow alluvial groundwater discharge to Camanche Reservoir
consists of all the inflows into the surface water and shallow alluvial groundwater
systems, less the evapotranspiration and flow into the bedrock.

Inflows include direct precipitation of 106.56 acre-feet per year, and flow from bedrock

of 43.5 acre-feet per year. Pond evaporation is estimated to be 27.77 acre-feet per year.
Golder Associates (1996) estimated that that 44% of the water falling on the Penn Mine
Site is lost to evaporation, evapotranspiration, unsaturated storage, or bedrock outflow
before reaching the ponds. Changes in unsaturated storage are assumed to be zero for
purposes of these calculations. As discussed in the following section, bedrock outflow is
estimated to be approximately 0.12 acre-feet per year. Assuming the entire bedrock
outflow originates from the rainfall on the site, the amount of rainfall that does not reach
the surface water or shallow alluvium is equal to the loss factor applied to the sum of
direct precipitation (Ql) and flow from bedrock (Q2),less the bedrock outflow (Qs):

Loss = 0.44x(QI + Q2 - Qs)

Loss =0.44 *(106.56 + 43.5 - 0.12)

Loss = 66.0 acre - feet I year

Therefore, the surface water and shallow alluvial groundwater discharge to Camanche

Reservoir, Q4, is equal to all inflows (Ql and Q2), less the other outflows (losses, pond
evaporation, bedrock outflow):

Q4 =Q1 +Q2 - Loss - Pond Evaporation - Bedrock

Q4 = 106.56+43.5-66.0-27.77 -0.12

Q4 = 56.2 acre - feet I year

2
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Groundwater Discharge from Shallow Bedrock to Camanche Reservoir, Qs

Alpers, Hamlin, and Hunerlach (1999) estimated that the flow beneath Mine Run Dam
with pH less than 5 is between 7 feet3/day and 14 feet3/ day (.06 to 0.12 acre-feet/year).
Golder Associates (1996) performed a statistical analysis of likely discharge rates, using
a lognormally distributed conductivity distribution and a uniform groundwater
gradient distribution. The flow rate corresponding to the 50% exceedence probability
for the mean permeability was approximately 13.37 feet3/day. Based on these two
estimates, an outflow of 14 feet3 per day (0.12 acre-feet/year) was chosen for the pre­
restoration period.

Upland Watershed Inflow (Surface water and shallow alluvial groundwater),
Q6

Upland watershed inflows are diverted around the Penn Mine Site by the Hinkley Run
and Mine Run diversions. Therefore, Q6 is set to zero for the pre-restoration period.

Pre-Restoration Totals

Total flows for each pre-restoration water budget component is presented in Table 2.

Restoration Period

Inflow from Direct Precipitation, Ql

Restoration activities have no influence on the inflow from direct precipitation.
Therefore, Ql for the restoration period is set to the same amount as for the pre­
restoration period, 106.56 acre-feet per year.

Groundwater Inflow from Shallow Bedrock, Q2

The removal of waste material in the vicinity of Mine Shaft 4 during restoration has
resulted in an observed increase in flow from the adit. Recent observations of flow from
Mine Shaft 4 suggest that the annual average flow rate may be closer to 60 gallons per
minute, or 96.8 acre-feet per year (EBMUD, personal communication, 1999a).

The Mine Shaft 4 flow added to the estimated flow from seeps and springs described for
the Pre-Restoration condition totals 67 gallons per minute or 108.1 acre-feet per year.

Evapotranspiration, Q3

Evapotranspiration comprises evaporation from surface water bodies and transpiration
through plants. On average, the pond surface area during restoration is approximately 3
acres (EBMUD, personal communication, 1999b). Table 4.11 of the Draft EIR shows that
the average pre-restoration evapotranspiration rate was 27.77 acre-feet per year (Golder,
1996) over an assumed pond area of 6.32 acres (Davy, 1992). This yields an average
annual evaporation rate of 4.39 feet per year. Applying this evaporation rate to the
restoration pond area of 3 acres yields a volumetric evaporation rate of 13.2 acre-feet per
year.

3
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Vegetation is stripped from the site during restoration. Therefore the transpiration
during restoration is set to zero.

Surface Water and Shallow Alluvial Groundwater Discharge to Camanche
Reservoir, Q4

The surface water and shallow alluvial groundwater discharge to Camanche Reservoir
consists of all the inflows into the surface water and shallow alluvial groundwater
systems, less the evapotranspiration and flow into the bedrock.

Inflows include direct precipitation of 106.56 acre-feet per year, and flow from bedrock
of 108.1 acre-feet per year. Pond evaporation is estimated to be 13.2 acre-feet per year.
Because the site has been stripped of vegetation, soil, and mine waste, there is little
evaporation or evapotranspiration outside of Mine Run Darn Reservoir. The loss of
rainwater prior to ponds is set to zero.

Therefore, the surface water and shallow alluvial groundwater discharge to Camanche
Reservoir is equal to all inflows (Ql and Q2), less the other outflows (pond evaporation
and bedrock outflow):

Q4 =Q. + Q2 - Pond Evaporation - Qs

Q4 =106.56 +108.1-13.2 - 0.12

Q4 =201.3 acre - feet / year

Groundwater Discharge from Shallow Bedrock to Camanche Reservoir, Qs
Restoration activities have no influence on the discharge from shallow bedrock into
Camanche Reservoir. Therefore, Qs for the restoration period is set to the same amount
as for the pre-restoration period. Using the flows estimated by Alpers, Hamlin, and
Hunerlach (1999), and bedrock discharges beneath Mine Run Darn estimated by
statistical analysis (Golder, 1996), Qs is set to 14 feet3/day, or 0.12 acre-feet/year.

Upland Watershed Inflow (Surface water and shallow alluvial groundwater),
Q6

During restoration, the upland watershed inflows continue to be diverted around the
Penn Mine Site by the Hinkley Run and Mine Run diversions. Therefore, Q6 is set to
zero for the restoration period.

Restoration Totals

Total flows for each restoration period water budget component is presented in Table 3.

4
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Post-Restoration Period

Inflow from Direct Precipitation, QI

Restoration activities have no influence on the inflow from direct precipitation..
Therefore, Ql for the post-restoration period is set to the same amount as for the pre­
restoration period, 106.56 acre-feet per year.

Groundwater Inflow from Shallow Bedrock, Q2

Restoration activities have no influence on the groundwater inflow from the shallow
bedrock. However, plugging Shaft No.4 will reduce the overall flow rate by an amount
that depends on the effectiveness of the plug. It is assumed that the plug will reduce
flow from the Penn Mine workings to 1 percent of the current 60 gallons per minute, or
to 0.97 acre-foot per year. Therefore, Q2 for the post-restoration period equals the
amount of groundwater flowing through shallow bedrock, plus the leakage from the
plugged mine workings, or 12.2 acre-feet per year.

Evapotranspiration, Q3

Evapotranspiration comprises evaporation from surface water bodies and transpiration
through plants. Ponds will be removed from the site after restoration, therefore the
pond evaporation is set to zero.

Evapotranspiration through plants is calculated below as a result of the Q4 calculations.
The estimated evapotranspiration is 83.07 acre-feet per year.

Surface Water and Shallow Alluvial Groundwater Discharge to Camanche
Reservoir, Q4

The post-restoration surface water and shallow alluvial groundwater that discharges to
Camanche Reservoir includes runoff from direct precipitation, shallow alluvial
groundwater flow from direct precipitation, groundwater flowing into and through the
shallow alluvium from shallow bedrock, and surface water flowing onto and through
the Penn Mine site. Each of these sources will be treated below

Surface Water and Shallow Alluvial Groundwater from Direct Precipitation

The surface water flows are estimated by subtracting deep percolation and
evapotranspiration from precipitation. Gnmdski's rule (Tumer, 1985) is applied to
estimate post-restoration losses to combined evapotranspiration and deep percolation at
the site. Grundski's rule estimates the amount of precipitation lost to evapotranspiration
and deep percolation can be estimated with the following equation:

L=P-O.Olp2

Where L is the water lost to evapotranspiration and deep percolation, and P is
precipitation in inches. Applying Grundski's rule to the average precipitation of 21.17
inches yields:
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L = 21.17 -0.01 *(21.17)2

L = 16.69 inches

Over the entire 60.4 acres, the losses to evapotranspiration and deep percolation are

. 1 foot
L = 16.69 mches x x 60.4 acres

12 inches

L = 84.01 acre - feet I year

The surface water outflow due to direct precipitation is therefore 106.56 acre-feet per
year minus 84.01 acre-feet per year, or 22.55 acre-feet per year.

A portion of the 84.01 acre-feet will flow into Camanche Reservoir as shallow alluvial
groundwater flow. The amount of shallow alluvial groundwater flowing into
Camanche Reservoir can be estimated with Darcy's Law, as described above. Assuming
the groundwater gradient in the shallow alluvium is similar to the groundwater
gradient in the fractured bedrock beneath Mine Run Dam, a groundwater gradient of
0.14 is used to calculate shallow alluvial groundwater fluxes (Alpers, Hamlin, and
Hunerlach, 1999). The width of the shallow alluvium is assumed to be 100 feet, the same
width used by Alpers, Hamlin, and Hunerlach (1999) to calculate the flux of
groundwater through shallow bedrock into Camanche Reservoir. The average soil
depth is 1 foot (H.T. Harvey & Associates, 1999). A representative hydraulic
conductivity was estimated from slug tests conducted by Davy (1992). Of the five slug
tests reported, four intercepted alluvial or granular material. The geometric mean of
hydraulic conductivities for these four tests is approximately 8 feet per day. This value
was used for the shallow groundwater flow calculations. Although this conductivity .
may be higher than the conductivity of soils used for revegitation, it serves as a
reasonable estimate of the soil permeability.

Combining the parameter estimates above, the shallow alluvial groundwater flow into
Camanche Reservoir is

Q=KiA

Q = 8*0.14*100*1

Q = 112 feet 3 I day

= 0.94 acre - feet I year

Assuming all except the 0.94 acre-feet of groundwater flOWing into Camanche Reservoir
is lost through evapotranspiration:

6
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Evapotranspiration =84.01- 0.94

Evapotranspiration = 83.07 acre - feet / year

Groundwater Flowing into Shallow Alluvium from Shallow Bedrock
Groundwater flowing into shallow alluvium from shallow bedrock is calculated above,
as Q2. Assuming all of this groundwater leaves the Penn Mine site as surface water or
shallow alluvial groundwater, this accounts for 12.2 acre-feet of water that leaves the site
as surface water or shallow alluvial groundwater.

Water Flowing onto the Penn Mine Site
Surface water from upland areas is currently diverted around the Penn Mine Site by the
Hinkley Run and Mine Run diversions. Estimates of post-restoration water flowing
onto the Penn Mine Site from upland areas is presented below, in the calculations for
water balance term Q6. These calculations show that the anticipated surface water flow
onto and through the site is 150.7 acre-feet per year.

Total Surface Water and ShaUow Alluvial Groundwater Discharge to Camanche
Reservoir

The total surface water and shallow alluvial groundwater discharge to Camanche
Reservoir is the sum of the runoff from direct precipitation, shallow alluvial
groundwater flow from direct precipitation, shallow alluvial groundwater from shallow
bedrock, and water flowing onto and through the Penn Mine site, less water discharging
through shallow bedrock.

Q4 =22.55 +0.94 + 12.2+ 150.7 -0.12

Q4 = 186.3 acre - feet / year

Groundwater Discharge from Shallow Bedrock to Camanche Reservoir, Qs

Restoration activities have no influence on the discharge from shallow bedrock into
Camanche Reservoir. Therefore, Qs for the post-restoration period is set to the same
amount as for the pre-restoration period. Using the flows estimated by Alpers, Hamlin,
and Hunerlach (1999), and bedrock discharges beneath Mine Run Dam estimated by
statistical analysis (Golder, 1996), Qs is set to 14 feetJ/day, or 0.12 acre-feet/year.

Upland Watershed Inflow (Surface water and shallow alluvial groundwater),
Q6

Currently, upland watershed inflows are diverted around the Penn Mine Site by the
Hinkley Run and Mine Run diversions. These diversions will be removed during
restoration. As shown above, the anticipated losses to evapotranspiration and shallow

7
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groundwater flow for the site, and areas around the site, are 16.69 inches out of 21.17
inches of rainfall. Therefore, 4.48 inches of rainfall contribute directly to runoff.

The entire watershed covers 464 acres, of which 403.6 lie outside the Hinkley Run and
Mine Run diversions. The total annual runoff from these 403.6 acres can be calculated
by applying the previously calculated 4.48 inches of runoff:

. 1 foot
Q6 = 403.6 acres x 4.48 mchesx--'---­

12 inches

Q6 = 150.7 acre - feet I year

Post-Restoration Totals
Total flows for each post -restoration period water budget component is presented in
Table 4.

Seasonal Post-Restoration Totals
To differentiate between potential wet season and dry season metals loading to
Camanche Reservoir, the annual w~terbudget for the post-remediation period has been
divided into monthly average water budgets. The analysis of the annual water budget
described above was applied to monthly average rainfall data. Results of this analysis
are shown on Table 5.
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Table 1
PENN MINE SITE WATER BUDGET COMPONENTS

COMPONENT DESIGNATION (FROM CH2M HILL, 1999a)
Inflows
Inflow from Direct Precipitation 01
Groundwater Inflow from Shallow Q2
Bedrock and Shaft No.4
Upland Watershed Inflow (Surface water Q6
and shallow alluvial groundwater)
Outflows
Evapotranspiration Q3
Surface Water and Shallow Alluvial Q4
Groundwater Discharge to Camanche
Reservoir
Groundwater Discharge from Shallow Qs
Bedrock to Camanche Reservoir



----------------~--

Table 2
PENN MINE SITE PRE-REsTORATION WATER BUDGET

FLOW Comments
COMPONENT (AC-FT/YR.)

Inflow from Direct Precipitation, QI 106.56 Has not contacted mine waste
Groundwater Inflow from Shallow 43.5 Acidified from contact with natural bedrock
Bedrock and Shaft No.4, 02
Evapotranspiration, Q3 94 Carries no metals or acidity off site.
Surface Water and Shallow Alluvial 56.2 Contacts mine waste
Groundwater Discharge to Camanche
Reservoir, Q4
Groundwater Discharge from Shallow 0.12 Contacts mine waste and naturally acidifying bedrock
Bedrock to Camanche Reservoir, 05
Upland Watershed Inflow (Surface water 0 All intercepted by diversion structures
and shallow alluvial groundwater), Q6



-------------------
Table 3

PENN MINE SITE RESTORAnON PERIOD WATER BUDGET

FLOW Comments
COMPONENT (AC-FT/VR.)

Inflow from Direct Precipitation, QI 106.56 Has not contacted mine waste
Groundwater Inflow from Shallow 108.1 Acidified from contact with natural bedrock
Bedrock and Shaft No.4, Q2
Evapotranspiration, Q3 13.2 Evaporation Carries no metals or acidity off site.
Surface Water and Shallow Alluvial 201.3 Contacts mine waste
Groundwater Discharge to Camanche
Reservoir, Q4
Groundwater Discharge from Shallow 0.12 Contacts mine waste and naturally acidifying bedrock
Bedrock to Camanche Reservoir, Q5
Upland Watershed Inflow (Surface water 0 All intercepted by diversion structures
and shallow alluvial ~roundwater), Q6



-------------------
Table 4

PENN MINE SITE POST-RESTORATION WATER BUDGET
FLOW Comments

COMPONENT (Ae-IT/YR.)

Inflow from Direct Precipitation. QI 106.56 Has not contacted mine waste
Groundwater Inflow from Shallow 12.2 Acidified from contact with natural bedrock. Treated with
Bedrock, and Shaft Plug Seepage, Q2 ammendments in alluvium. Shaft No.4 plug is 99 percent

effective.
Evapotranspiration. Q3 oEvaporation Carries no metals or acidity off site.

83.07 Transpiration
Surface Water and Shallow Alluvial 186.3 Surface water does not contact mine waste. Shallow alluvial
Groundwater Discharge to Camanche groundwater may contact mine waste at alluvium/bedrock
Reservoir, Q4 interface. Shallow alluvial groundwater treated by CKE in

alluvium.

Groundwater Discharge from Shallow 0.12 Contacts mine waste and naturally acidifying bedrock
Bedrock to Camanche Reservoir. Qs
Upland Watershed Inflow (Surface water 150.7 Surface water does not contact mine waste.
and shallow alluvial ~roundwater), 06
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Table 5
ESTlMATED MONTHLY FLOWS, POST RESTORATION

(Acre-feet/month)

Ql Qz Q3 Q4 Qs Q6
IJanuary 19.79 1.02 15.52 33.27 0.01 27.99

February 18.09 1.02 14.18 30~50 0.01 25.59

March 17.05 1.02 13.37 28.82 0.01 24.12

April 9.39 1.02 7.33 16.36 0.01 13.28

May 4.26 1.02 3.28 8.02 0.01 6.03

June 1.34 1.02 0.98 3.26 0.01 1.89

July 0.24 1.02 0.11 1.48 0.01 0.35

August 0.33 1.02 0.18 1.62 0.01 0.46
September 1.19 1.02 0.86 3.02 0.01 1.68

October 6.17 1.02 4.79 11.12 0.01 8.73
November 12.17 1.02 9.52 20.88 0.01 17.22

December 16.51 1.02 12.94 27.94 0.01 23.36

Totals 106.54 12.20 83.05 186.28 0.12 150.70



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
'I
I
I

Appendix F

Design Basis Memorandum
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• Neutralizing the residual acidity in the alluvium and channel side slopes exposed by the
removal of mine waste

Penn Mine Design Basis Memorandum for Mitigation
of Residual Acidity and Acid Generating Capacity

CH2MHILL

DRAFT

Penn Mine Project File

Jim Mavis/SEA

Bill Ingles/SFO
Sam Brathwaite/SFO
Eileen Fanelli/EBMUD

June 25,1999 - Rev. B

TECHNICAL MEMORANDUM

PREPARED BY:

PREPARED FOR:

COPIES:

DATE:

Design of restoration for the Penn Mine site is in progress concurrently with the
characterization of the exposed surfaces remaining after excavation of the mine-derived
waste. To expedite the design, a brief summary of the basis for the design has been
prepared, and a preliminary list of known constraints identified. Specific features are
incorporated into the design to address the known and anticipated considerations and
constraints.

BMPs for Penn Mine consist of the following:

• Excavating the sulfide-bearing mine waste from Mine Run and Hinckley Run, and
placing it in a secure onsite landfill

Design Basis
The basis for designing a site restoration plan is the identification and implementation of
Best Management Practices (BMPs) for mines with sulfide ores and sulfide residues. BMPs
are not explicitly prescribed; they are identified, developed, and adapted on a site-specific
basis.

• Grading site to establish drainage channels through Mine and Hinckley Runs

• Placing top soil over the alluvium and seeding the top soil to prevent erosion and
support establishment of native species

• Removing the diversion dam and channels around Mine and Hinckley Runs

• Removing the dam at the base of the Mine Run-Hinckley Run confluence

As site characterization information becomes available to the project stakeholders,
. additional constraints have been suggested. Consequently, this design basis memorandum

provides a benchmark of the current stage of the design project, and the basis for design will
need to be revisited periodically.
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• Developing and implementing a monitoring plan for the site and for Camanche
Reservoir

The ideal outcome would be to return the site to pre-mining conditions; however, there is no
unequivocal method for establishing what the pre-mining conditions consisted of.
Nonetheless, pre-mining conditions would include water quality within the mine site,
terrestrial habitat, and conditions downstream in the Mokelumne River.

Downstream conditions in the Mokelumne have been irreversibly altered by controlled
releases from Pardee Dam that may occur independently of immediate precipitation events
at the Penn Mine site. This prevents strict reestablishment of pre-mining conditions within
Camanche Reservoir. .

Additional Considerations and Constraints
The BMPs provided broad guidelines for designing the site restoration program. Dialog
with stakeholders and PAC members has led to the identification of additional
considerations and constraints that need to be addressed. The factors that have been
identified to date are summarized below:

• The amount of "soil" amendment material that can be applied to Mine Run and
Hinckley Run is constrained by the amount of alluvium remaining after waste
excavation. (Application of extra "soil" amendment in selected areas may be needed to
provide a sufficient inventory to neutralize localized zones of higher-than-average
acidity, and permanently immobilize metals.)

• Application of excess "soil" amendment material must not cause excessively alkaline
conditions to occur in the receiving body (Camanche Reservoir), either as a direct
detriment to aquatic organisms or by causing aesthetically unacceptable precipitation.
(It is considered to be adequately protective if the pH does not exceed -9.0 at the point
of release into Camanche Reservoir. Magnesium hydroxide may be a candidate
neutralization agent in selected locations because its upper pH limit is -9.0. Dicalcium
silicate, with an upper pH limit of -11 may also be effective in constraining the pH of
water leaving the restored site. Cement kiln dust with an upper pH limit of 12 to 12.5
poses a greater risk to excessive site runoff pH than dicalcium silicate.)

• Sufficient "soil" amendment needs to be applied that acidic drainage from the site will
be neutralized as long as acid and metals are being released. (Periodic amendment re­
application in the stream channels to maintain an effluent pH greater than 8.5 would be
part of site maintenance.)

• The steep side slopes need to be restored. These slopes may have been affected by
contact with mine waste. (Magnesium hydroxide blended with wood cellulose fiber and
tackifier can be applied by spraying onto the side slopes to neutralize any residual
acidity prior to hydroseeding.)

• Exposed fine-grained pyrite may generate acidity that remobilizes precipitated metals.
(Application of phosphate would suppress acid formation and could precipitate heavy
metals that come into contact with the phosphate amendment. A phosphate rock­
containing grout could be prepared and applied to steeply inclined, pyrite-containing
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Site Amendment Materials

Anumber of soil pH amendment materials are available for use at sites such as Penn Mine.
Several common amendments produce a pH that is far outside the range that has been
stipulated for the Penn Mine site.

Limestone and dolomite neutralize acidity, but both produce a liquid stream with a pH
typically between 5.0 and 6.0 because carbon dioxide is not efficiently released to the
atmosphere in subgrade applications. This is too Iowa pH to immobilize copper and zinc
and produce site runoff that resembles pre-mining runoff. Consequently, neither limestone
or dolomite is well-suited as the primary amendment.

walls to prevent acid formation. The phosphate will suppress further acid formation,
thereby protecting the cement binder.)

• Active application of chemical agents to flowing streams would be viewed as
"treatment," and therefore the treated streams would be point sources, subject to
regulation. (All "soil" amendments need to have long.term effectiveness, yet not create
short-term over-treatment that would make the neutralized runoff from the site
detrimental to the receiving stream, Camanche Reservoir. Passive, limited solubility
amendments such as limestone, dolomite, magnesium hydroxide, and dicalcium'silicate
placed in zones away from the stream beds would meet this requirement.)

The foregoing considerations (and some additional ones) place semi-quantifiable constraints
on the design. The combination of geotechnical and geochemical factors permits only
approximate predictions the effectiveness of the soil amendment portion of restoration.
These limitations need to be presented to all the stakeholders in order that the implied risks
and their mitigations, which are being addressed through technical and non-technical
means, are acceptable.

Specific Design Features

pH Range of Site Runoff
The preceding conditions and constraints were used to develop an overall conceptual
design for subgrade restoration, and control over acidic runoff and metal release from the
site. The two principle metals of concern are copper and zinc. Both metals would have
sufficiently low solubilities that metal release could be prevented if the pH of runoff from
the site were between 8.5 and -12.0. Below pH -8.5, the solubilities of both metals rise, and
above pH -12, the solubility of zinc also rises.

A preliminary analysis shows that at a pH of -9.0 to 9.5, the alkaline compounds calcium
carbonate and (over pH -10.5) magnesium hydroxide could precipitate in Camanche
Reservoir. Aesthetic concerns and localized impairment of aquatic life preclude discharges
of runoff with too high a pH. Taking into account the (small) buffering capacity
(bicarbonate content) of water in Camanche Reservoir, the upper limit for pH of water
entering the Reservoir from the Penn Mine site should not exceed 9.5.

The design pH range of water from the Penn Mine site, therefore should be within 8.5 and
9.5.
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Calcined lime (calcium oxide and calcium hydroxide) and cement kiln dust create an
excessively high pH, up to 12.5. This is unfavorable because of the potential for zinc
dissolution and the potential for high pH runoff into Camanche Reservoir. In addition, the
pozzolanic properties of cement kiln dust are not a necessary factor in the site restoration
goals. Consequently, calcined lime and cement kiln dust are not recommended as primary
amendments.

Dicalcium silicate has 85 to 90 percent the neutralizing capacity Of limestone (on a dry
weight-comparable basis), has a limiting pH of -11.0, and exhibits some pozzolanic
properties when used with calcined lime. With its lower pH, dicalcium silicate imparts only
-3 percent of the soluble alkali content to water coming into contact with it that cement kiln
dust or calcined lime would impart. Its lower pH, lower solubility, low cost, and reduced
potential for unfavorable secondary impacts makes it a candidate for use as an amendment
for alluvium and fractured bedrock, provided areas where it is used are covered by topsoil,
and runoff will not directly enter Camanche Reservoir without mixing with more pH­
neutral runoff.

Phosphate rock is not typically used as a neutralizing agent on acid drainage sites.
However, phosphate rock stops acid production by reacting with ferric iron and by
encapsulating pyrite, isolating it from oxygen and water. Phosphate rock can be applied
sparingly on the site to suppress active acid formation, and could be co-distributed with
dicalcium silicate to limit the potential for inadvertent release of phosphate to Camanche
Reservoir. Any soluble phosphate that may form when the phosphate rock reacts with acid
would precipitate as iron, aluminum, or any of several other metals that form insoluble
phosphates. Application of a small quantity of phosphate rock, co-distributed with
dica1cium silicate, is recommended to suppress acid formation by pyrite that was exposed
during waste removal.

Magnesium hydroxide can neutralize acidic drainage and will form a soluble sulfate salt,
irrespective of the sulfate concentration in solution. For this reason, it has a greater potential
to form "salt blooms" that form on soil surfaces through capillary transport and
evaporation. Magnesium hydroxide can raise the pH of water to a maximum of 9.0,
irrespective of how much is applied, with any excess remaining insoluble until the pH falls
below 9.0. It is proposed to treat the sub-floor of the stream beds in Mine and Hinckley
Runs with magnesium hydrOXide to neutralize acidic pore water that flows into the stream
channel from the subsurface fractured zone. Placed in this location, magnesium hydroxide
would not cause salt blooms in areas undergoing revegetation, but would provide long­
term in situ neutralization of upwelling shallow groundwater.

Magnesium hydroxide can be also be applied to the side slopes of Mine Run and Hinckley
Run to neutralize residual acidity that may remain from contact with the mine waste. The
magnesium hydrOXide would be applied as a dilute slurry and held in place with a tackifier
similar to those used in hydroseeding.

Limestone is recommended as a secondary neutralization material for lining stream
channels and for constructing a channel lining system below the confluence of Mine and
Hinckley Runs. Used in this manner, limestone provides a safeguard against sudden
release of highly acidic runoff and impart some "buffering capacity" (bicarbonate) to the site
runoff which will protect against excessive pH excursions.
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